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INTRODUCTION  

There are increasing global concerns related to climate change and sustainability in the 

built environment. Buildings contribute some of the largest environmental impacts. For 

instance, nearly half of total UK carbon dioxide emissions come from energy use in 

buildings
1
, more than half of all public water supply in England and Wales is for household 

use
2
, 32% of all landfill waste comes from construction and demolition of buildings, with 

13% products delivered to construction sites being sent directly to landfill without being 

utilised
3
. The UK Government published its strategy for sustainable construction in 2008, 

and has set a number of challenging targets for improving sustainability, e.g. reducing total 

UK carbon dioxide emissions by at least 60% on 1990 levels by 2050, with zero carbon 

new-build homes by 2016 and all new buildings by 2019 for England and Wales, and 50% 

reduction of construction, demolition and excavation waste by 2012 compared to 2008
4
. All 

these targets, coupled with the current economic recession, have challenged the industry to 

explore effective ways to achieving sustainability. Additionally, all present Government 

funding has sustainability targets attached. There is thus both a need and an opportunity for 

research in the disciplines relating to sustainability in the built environment and studies that 

for instance lead to a better understanding of the concept of sustainability and the 

measurement and management of sustainable construction etc.   

 

This ARCOM workshop was focused on sustainability in the built environment with the 

purpose to help the researchers develop the area and highlight some of the research 

approaches being taken. Prof. David Coslett, Pro Vice-Chancellor of the University of 

Plymouth and Executive Dean of the Faculty of Arts opened the workshop and welcomed 

everybody to the City and the University. This was followed by a brief introduction of 

ARCOM and ARCOM workshops by Dr Paul Chan from the University of Manchester. Dr 

Chan highlighted the contribution of ARCOM to the research community, which celebrated 

its 25
th
 anniversary at the 25

th
 ARCOM Conference at Nottingham in September 2009. 

After that, Prof. Mike Riley welcomed all to the Workshop and started the scientific debate 

with a short speech on addressing sustainability using a systems approach. Then five papers 

were presented, each presentation lasting around twenty minutes followed by ten minutes 

discussion. A óhotô debate was opened after all the presentations, and the Workshop 

finished with an informal networking session. Through this process, the presenters 

benefited from the feedback on their work and all the participants were provided with an 

insight into current sustainability research.   

 

The Workshop Proceedings include the five papers presented and another two that were 

submitted but could not be delivered at the Workshop for varied reasons. In these papers, 

Chan argues that knowledge is presently incomplete in terms of what we know about 

sustainability, and outlines a salient review of the four capital dimensions of sustainable 

development, i.e. man-made, human, social and natural capital. Davis critiques that, despite 

many previous research efforts, supply chain management sophistication in construction is 

                                                 
1 Building a Greener Future: policy statement, Department of Communities and Local Government, London, 2007. 
2 Strategy for Sustainable Construction, Department for Business, Enterprise & Regulatory Reform, London, 2008. 
3 Waste Strategy for England 2007, Department of Environment, Food and Rural Affairs, Norwich, 2007. 
4 Same as no.2. 
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still at a very low level in comparison to many other industries. Davis proposes a Soft 

Systems Methodology (SSM) as a means for supply chain management practitioners to 

develop lean supply in construction holistically, taking into account the unique culture and 

fragmentation feature of construction. Carfrae presents his research in establishing the 

boundary conditions that define a safe level of moisture content in straw bale walls. Carfrae 

develops an improved probe for measuring the moisture content of straw bale walls 

demonstrating that it is possible to get accurate measurements of the moisture content of a 

straw bale wall using a relatively simple home-made timber-block probe. Murray argues 

that while there is a natural tendency for educators to focus on the scientific and 

technological aspects of sustainability and sustainable construction, this approach will not 

necessarily maximise the positive contributions professionals have to offer. Murray 

suggests that this is because it does not address the intrinsic motivations people need if they 

are to embrace the positive changes sustainability requires. He introduces a new initiative 

developed at the University of Plymouth for engaging learners directly with the 

sustainability agenda. Leblanc presents sustainable refurbishment of the existing building 

stock as the most sustainable solution compared to demolition and new build. Leblanc 

argues that knowledge management systems are to be presented as effective tools to 

increase the sustainability level of refurbishment projects within the context of social 

housing in the UK. Barghchi et al. report on research in sports facilities development in 

Malaysia. Despite an increase in the amount of public money being spent on sports 

facilities construction, the existing facilities are under-utilized and not economic oriented. 

Barghchi et al. suggest that to guide the planning system to focus on the concept of 

sustainable development is a new approach to planning and design. They recommend 

further research in the physical, economic and social impacts of sports facilities 

development on urban development in Malaysia. Loh et al. emphasise that strategic 

selection of sustainable materials and building design prior to the building construction is 

crucial to increasing building life cycle energy performance. They argue that stakeholders 

involved in the early design process often have conflicting priorities for both building 

design and construction materials which makes decision making a complex task. Loh et al. 

develop an Environmental Assessment Trade-off Tool (EATT) with Analytical Hierarchy 

Process (AHP) incorporated and highlight how this system can be used to inform the design 

of low carbon energy efficient buildings. 

  

All of these papers, together, present a useful insight into the current research in addressing 

sustainability in the built environment. It is interesting to see the diversity of research 

covered in this fairly small-scaled one-day workshop. Possibly, such diversity is a 

reflection on the wide-ranging attempts to define sustainability and measure sustainable 

development. But the themes, around technology, ósoftô institutions, and behaviours, of 

sustainability research embedded in the papers of these proceedings will certainly 

contribute to the relevant future debate in the wide community.  

 

 

Wei Pan, Pieter de Wilde and Mike Riley 

Environmental Building Group 

University of Plymouth 
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THE DIMENSIONS OF SUSTAINABLE DEVELOPMEN T: 

WHAT DO WE KNOW ALRE ADY? 

Paul W Chan
1
 

 
School of Mechanical, Aerospace and Civil Engineering, University of Manchester, PO Box 88, Manchester, 

UK, Postcode M60 1QD. 

Sustainability has become an important catch phrase in political, business and academic 

discourse. From environmental concerns regarding global warming and climate change to 

the sustenance of economic prosperity, policy-makers at governmental and corporate levels 

are increasingly putting more credence to the sustainability agenda. In this paper, however, 

it is contended that there is a lot of hype surrounding policies and practices of sustainability. 

To a certain extent, this recent buzzword is old wine filled in an old bottle for what should 

be commonsensical good practice. It is argued that knowledge is presently incomplete in 

terms of what we know about sustainability. As such, it is crucial that the sustainability 

movement steers towards more evidence-based policy and practice. Furthermore, it is 

suggested that practitioners should remain reflective on both the successes and failures of 

endeavours towards a more sustainable future especially in terms of how sustainable 

policies and practices interact with human agency. In this paper, a salient review of the four 

capital dimensions of sustainable development will be outlined. 

Keywords: disconnections between policy and practice, incomplete knowledge, 

DEFINITIONS AND PERSPECTIVES 

The Pearce (2003) report introduced the concept of sustainability by drawing on the UK 

Governmentôs (1999: 8) definition of ñensuring a better quality of life for everyone, now 

and for generations to comeò. Pearce (2003) proffered a framework for understanding the 

application of sustainability in the British construction industry, including the four 

perspectives of man-made, human, social and natural capital. 

 

Man-made capital: problems with an output-driven model 

The construction industry is often credited as being the sector that underpins business, 

industry and general way of life in any country. In the UK, recent statistics from the former 

Department of Trade and Industry (DTI) indicate that the industry employs around 1.2 

million workers producing an output of just over £107 billion at current prices in 2005 (DTI, 

2006). Though sizeable, Pearce (2003) noted that official statistics tend to diminish the true 

picture of the industry because data derived from a narrow definition only account for the 

contribution of contractors, and not the broader inclusion of the quarrying of raw materials, 

production and sale of building materials and products, professional services, self-build and 

the informal economy. 

                                                 
1
 paul.chan@manchester.ac.uk 
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From a man-made capital perspective, nevertheless, the principal focus appears to be on 

raising productivity. For instance, Pearce (2003) argued that the industryôs contribution to 

man-made capital, particularly in terms of infrastructure provision, lags behind our major 

competitors in Europe on per capita basis. Elsewhere, there is also general recognition of 

the current housing shortfall to meet the demographic changes (see Barker, 2004). These 

comparisons point to the long-standing productivity problem in construction (Ive et al., 

2004; Blake et al., 2004). 

 

Yet, there is also contrasting evidence to suggest otherwise. Barrett (2005), for instance, 

tracked the gross value added figures for the UK construction, manufacturing and service 

industries since 1975 and found that the construction industry actually outperforms 

manufacturing. Even the UK productivity gap with that of our European counterparts in 

official statistics appears to be closing (Ive et al., 2004; Blake et al., 2004). These estimates 

suggest that the productivity gap between British and European construction industries (esp. 

France and Germany) is closing rapidly, and what needs to be bridged is the gap between 

British and US construction. Indeed, Blake et al. (2004) suggested that the UK construction 

productivity gap can be bridged by seeking to learn from óbest practiceô of US construction. 

However, such a recommendation can be too simplistic and problematic. Broadberry and 

OôMahony (2004), for example, stressed that there are limitations to wholesale copying of 

practices from other countries due to barriers such as geographic differences; 

contextualising practices is necessary for any improvement strategy to be adopted. 

 

Of course, there is also the problem with the measurement of productivity is not without 

problems. There is indeed a lack of consensus as to how productivity should be measured 

(Blake et al., 2004; Ive et al., 2004). Critics have observed that construction productivity 

measurements have not hitherto painted an accurate picture of the complexity of the 

production process. Crawford and Vogl (2006), for instance, suggested that the dominant 

emphasis on macro-level measures of productivity fails to account for the entirety of the 

construction process at the micro-level. Moreover, as Recently, Flanagan et al. (2005) 

suggested that it is perhaps time to move away from measuring outputs to the measurement 

of value derived from such issues as quality, innovation and organisational learning as they 

urged for a paradigmatic shift towards competitiveness instead. 

 

Human capital: the rhetoric versus reality of investing in people 

The concept of human capital is not new. Ever since Adam Smith examined the pin 

manufacturing process in the 18th century, the importance of human capital in the form of 

skills and dexterity of the workforce has been acknowledged. However, as Grugulis (2003) 

points out, ñthe longstanding consensus that skills are ógood thingsô [é] and the evidence 

that they can advantage every participant in the employment relationship have not been 

matched by a widespread adoption of high skills routes to competitiveness. Despite the 

existence of exemplary practice, extensive exhortations and official interventions, most jobs 

in Britain demand few skills. (p. 7)ò. 

 

If human capital is espoused to bring benefits of productive capacity for the firm and the 

worker, why is there a mismatch between the rhetoric and reality of training and education 

investment? Construction researchers have offered a number of explanations for this 

phenomenon. The central argument tends to revolve around the nature of the industry. The 
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construction industry is often exposed to the vulnerabilities of economic cycles of boom 

and bust. Given such uncertainties, firms are less likely to engage in skills training and 

development, which requires a longer-term view. Furthermore, the industry epitomises the 

pinnacle of flexible organisation and its deeply entrenched reliance on self-employment 

(Winch, 1998) and contingent labour (Forde and MacKenzie, 2007) reduces the industryôs 

propensity to train. Together with the difficulty in attracting new entrants into the industry 

as a result of its beleaguering public image, it is inevitable that the industry consistently 

reports a low average training investment of around one-person-day per year. 

 

Furthermore, as in the case of defining productivity, there is an ever-expanding explanation 

of what skills really mean and who should be responsible for ópayingô for skills. Beckerôs 

(1964) suggested that there is a distinction between firm-specific skills and skills that are 

completely general. It follows logically therefore that the investment of firm-specific skills 

should lie within the remit of firms and that the state through its education system should 

provide for the general skills since an increase in worker productivity should in theory 

benefit the economy as a whole. However, most skills learned on the job may be 

somewhere between the extremes of firm-specific and general, and there is a growing 

desire of employers to pursue more generic rather than firm-specific skills (Grugulis et al., 

2004). Therefore, the distinction between specific and general skills is less clear-cut and it 

is more plausible to consider a continuum of types of training based on the extent to which 

training is transferable to other firms. 

 

Given the ever-expanding understanding of what skills mean, this implies that that the 

economic perspective promoted by human capital economists like Becker (1964) is limited 

in attaining the ideal state of more skills leading on to greater productive capacity for both 

the firm and the worker. Instead, employers are inclined to abdicate from the responsibility 

of investing in skills development (Dainty et al., 2005) for fear that other employers would 

poach the workers once they have completed the training. Evidence is, in fact, mounting 

that show the shifting employer preference for general skills and lends further support to 

the de-skilling of firm-specific skills. 

 

Grugulis et al. (2004) provided a more cynical outlook: the growing desire of employers to 

focus on generic skills offers on the one hand a false sense of upskilling among the workers 

and on the other virtually no benefit of wage premium. Beckerôs (1964) belief that 

investment in human capital would reap benefits of greater productive capacity and wage 

growth would stand to be tested. In fact, recent evidence in the UK construction industry 

showed little correlation between skills levels and wage rates (Clarke and Herrmann, 2004). 

Arguably, the economic perspective of human capital emphasises human resources as an 

economic factor of production and potentially plays down the human benefits that can be 

accrued through development. The view on human capital seems to be divided into two 

camps: economists who are largely concerned with economic performance and productivity 

and sociologists who defend the power of labour in the social construction of skills. A 

compromise is perhaps needed to move forward in engendering real action from the debates. 

Sympathetic commentators have suggested that construction companies have to juggle 

between the short-term need for profitability and the long-term employee interests of skills 

development. Raid®n and Dainty (2006) used the phrase óchaordic organisationô to describe 

how construction companies deal constantly with both the chaotic business environment 
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and the orderly, strategic planning of skills. Raidén and Dainty (2006) recommended for 

more research to examine the characteristics of construction organisations as chaordic 

organisations. 

 

Natural capital: consensus gained or paradise lost 

The concept of natural capital in relation to the sustainability agenda was popularised in the 

1980s by the late Professor David Pearce (Pearce et al., 1989; Turner, 2006). According to 

Turner (2006), Pearce viewed natural capital ñ[é] as a fruitful way of integrating 

ecological sensitivities into mainstream economics (p. 198)ò. It is fair to say that few would 

dispute climate change to be an issue of the day. Particularly in the West where 

governments struggle to encourage the electorate to vote, todayôs politically-apathetic 

youth are likely to be interested in such single issues as climate change and the 

environment. 

 

Researchers from the field of ecological economics have distinguished between two forms 

of sustainability: weak sustainability and strong sustainability. The weak sustainability 

perspective views natural capital and man-made capital as substitutes such that the 

depletion of any one form of capital is acceptable insofar as reinvestment in other forms of 

capital takes place in order to maintain or increase the total stock of natural and man-made 

capital. The measurement of weak sustainability tends to follow a cost-benefit approach 

and is invariably commensurable with monetary valuation. The strong sustainability 

perspective, on the other hand, considers natural and man-made capital to be 

complementary and that all natural and other forms of capital should not only be kept 

independently intact over time, there is also a need to maintain essential, non-replaceable 

and non-substitutable environmental resources (see Devkota, 2005; Turner, 2006). 

Therefore, the preservation of the natural environment and its resources is central under 

strong sustainability. 

 

However, Neumayer (1999) provided two plausible reasons as to why the pursuit of 

sustainability, especially strong sustainability, can be a struggle: ñIf the current generation 

still thinks that additional precautionary action is warranted, it should do so [é] Natural 

and economic science is able to guide in making this decision transparent and rational. It 

will not be able to give the answer in the societyôs stead, however. This is for two reasons: 

First, both the natural and economic science of global warming is unable to provide 

unambiguous answers about how much emission abatement is warranted. Uncertainty and 

ignorance are too widespread [é] Second, the answers are dependent on the underlying 

ethical decisions concerning how much to take the future welfare into account and whether 

one thinks that what future generations care about is only total capital or specific sub-

categories like natural capital. Ultimately, it is on us to decide whether we think 

consumption growth can compensate future generations for damage to natural capital and 

human health or not (p. 41).ò To put simply, the first reason relates to the measurement 

problem and the incompleteness of scientific knowledge; whilst the second reason points to 

a sense of morality and ethical behaviour. 

 

In construction, both the measurement problem and ethical issue are equally relevant. Take 

the delivery of zero-carbon housing, one of the most recent aspirations of the UK 

government in the pursuit of greater energy efficiency and the Kyoto protocol targets 
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(Lowe, 2007; Banfill and Peacock, 2007) for example. The residential sector in the UK 

accounts for about 30% of the UKôs total carbon emissions (Boardman et al., 2005; Banfill 

and Peacock, 2007). Interestingly, Boardman et al. (2005) reported, ñContrary to 

experience in most countries, UK carbon emissions have fallen in recent years, being 

around a fifth lower in 2003 than in 1970 (p. 11).ò Therefore, whilst reduction in carbon 

emissions is vital, curtailing of energy consumption is more important in the formulation of 

UK energy policy. Afterall, as Banfill and Peacock (2007) argued, one of the major impetus 

driving public policy and regulatory change in the UK is the security of energy sources to 

maintain projected energy-intensive lifestyles: ñThe proposals [é] assume that existing 

lifestyle trends will continue, with the growth of home entertainment, large-screen 

televisions, more brightly illuminated homes and more consumer electronics, and that these 

must be catered for (p. 429).ò Thus, this lends further support to the argument that 

consumption growth is what drives public policy and that the attainment of strong 

sustainability remains to be an elusive aspiration (Wackernagel et al., 2004; Herring, 2006; 

Spash, 2007).  

 

Despite the boldness of the policy proposals (which are laudable), the reality appears 

disconnected. Schiller (2007) suggested that debates surrounding the contribution of 

construction towards sustainable development had hitherto been emphatically framed 

around the aspects of new buildings. Schiller (2007) maintained that attention needs to be 

given to the provision of urban infrastructure, which he argued is as resource-intensive as 

new-built projects, if policy-making were to derive a long-term view. What Schiller 

highlighted is the incompleteness of knowledge surrounding the construction industryôs 

contribution to sustainable development. 

 

There is the further issue of refurbishing and adapting the existing building stock. 

Boardman and colleagues (2005) concluded, as part of the 40% house project, that there 

needs to be an increase in the demolition rate to 80,000 dwellings per annum across the UK, 

a rate last achieved in 1975. There are indeed concerns as to whether current industryôs 

capacity can cope with such scale of demolition (Lowe, 2007). Similarly, Banfill and 

Peacock (2007), when critiquing the policy on zero-carbon housing, suggested that both 

institutional mechanisms and the industryôs supply chain were currently inadequate to meet 

the proposed targets by 2016. Lowe (2007) was optimistically cautious: ñThe conversion of 

the UK house-building industry and supply chain to one capable of delivering 160,000 to 

200,000 passive houses per year by the middle of the next decade will be an enormous task. 

If the UK is ultimately successful, it will have achieved more in the next seven years than 

Germany, where the standard has been developed, has achieved in the last 17 (p. 347).ò To 

succeed, there needs to be political urgency and a strong will for implementation to 

milestones in a set timescale (Boardman et al., 2007). However, recent experience of the 

changes to Part L of the building regulations that govern energy efficiency of buildings 

(Lowe, 2007) and the vagaries of performance-based building regulations (Gann, 1998) 

suggests that success of political will remains to be seen. 

 

And if the challenge of political will is not enough, there is the battle to change the hearts 

and minds of consumers. As mentioned previously, consumption growth has been the 

underlying assumption driving public policy. Arguably, this somewhat pessimistic 

approach is due to the fact that the knowledge on current consumer behaviour regarding to 



 

6 

 

the use of buildings from an energy perspective remains patchy (Chappells and Shove, 

2004). Still, there is a growth on work in this area. Wood and Newborough (2003) 

investigated how the use of domestic appliances can lead to potential savings in energy. 

Pett and Guertler (2004) examined how people actually use energy efficient systems 

installed in their homes. Still, more research needs to be done to examine consumer 

behaviour from a holistic and dynamic approach; and until such evidence is available, 

researchers can only rehearse the need for adjustments in taxation/incentives (Banfill and 

Peacock, 2007) and the education of consumers (Boardman et al., 2007) at an abstract level. 

 

Social capital: building trust and sustainable communities 

In a recent BBC documentary entitled How we built Britain (2007), presenter David 

Dimbleby reveals how the built environment, through its architecture, can inspire people in 

their social and economic activities. In one episode, he recounts British philanthropy as he 

visits Saltaire, a Victorian industrial village north of Bradford in West Yorkshire, UK. 

Saltaire was designated as a world heritage site by UNESCO in 2001 (see 

http://www.saltaire.yorks.com). However, its humble beginnings stemmed from the vision 

of its founder, Sir Titus Salt, Mayor of Bradford in the 1850s and a businessman in the 

clothing industry. Titus Salt was aware of the acute poverty that struck the Victorian 

working classes, and so, he embarked on a project to build, amongst other things, decent 

houses, a school, hospital and leisure facilities in an attempt to elevate living standards for 

his workers. The efforts were remarkable at a time when the struggles of the working 

classes were largely ignored by fervent capitalists; and arguably, increasing worker welfare 

probably led to higher production in Saltôs mills. It is perhaps unlikely that Titus Salt 

labelled his achievements in Saltaire as the creation of a sustainable community or indeed a 

contribution to social capital ï but this is precisely what he did! 

 

Notwithstanding Saltôs intentions (whether altruistic or not), the development of places like 

Saltaire deserves greater examination, especially given current political interest in the 

sustainable communitiesô agenda. Saltôs primary focus appeared to hinge on three things: a 

roof over oneôs head, a place for work and leisure, and opportunities for maintaining (and 

developing) oneôs well-being. A century and a half later, these basic principles still hold 

true for the development of sustainable communities. But, far from being straightforward, 

the definition of sustainable communities is fraught with problems and is continually 

debated by policy-makers, practitioners, academics and communities themselves. 

 

Thus, the reality of ódoingô sustainable communities presents more challenges when 

compared to óthinkingô in policy terms. Bridger and Luloff (2001) argued, ñIn our opinion, 

the central theme behind many of the recent attempts to recapture a sense of community is 

the recognition that such a task requires alternative constructions of place ï symbolic, 

economic, and physical constructions which reduce the alienation of people from one 

another and from the environment (p. 460).ò It is precisely this reduction in alienation that 

the extant literature discusses the need to involve, and seek the buy-in, from the 

communities concerned when developing such symbolic, economic and physical 

constructions of what a sustainable community looks like. However, as Bridger and Luloff 

(2001) point out, ñ[é] community studies document numerous barriers to broad 

involvement and the high level of activeness envisioned by proponents of sustainable 

community development (p. 458)ò. They added, ñ[é] leadership and participation are 
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largely limited to local elites whose interest in development often has much more to do 

with private gain than community well-being (p. 463)ò. 

 

Indeed, there are limits to community participation and consensus building among end 

users in shaping sustainable communities. Evidence of good practice remains patchy, and 

small-scale examples on delivering schemes with user input tend to be confined to certain 

segments of public-sector building (see e.g. Zeisel, 2003). In the UK, developmental work 

on design quality indicators (Whyte and Gann, 2003) is intended to provide a common set 

of measurement criteria for stakeholders to engage in a dialogue about design of the built 

environment. It is perhaps appropriate that Whyte and Gann (2003) entitled their paper 

Design quality indicators: work in progress for several authors subscribe to the view that it 

is extremely difficult to evaluate design in an objective sense (see Rouse, 2004; Macmillan, 

2006). Exploratory work by Abdul Samad and Macmillan (2005), for instance, tried to get 

stakeholders to self-assess such intangibles in the school environment as calmness and 

security and safety when making decisions across schemes. In their conclusions, they 

discussed the degree of uncertainty with regards placing a value on such intangible 

measures. Furthermore, there is the question of who gets to vote on these measures from 

the community, the risk of participant selection as indicated by Bridger and Luloff (2001). 

Macmillan (2006) asserted that more needs to be done by both researchers and 

professionals in terms of creating evidence-based design that integrates the valuation of 

intangibles. 

 

Similar to our argument about the other capitals previously, the limitation of understanding 

sustainability from a social capital perspective is limited by economic dominance. Coleman 

(1988) asserted, ñ[é] the concept of social capital constitutes both an aid in accounting for 

different outcomes at the level of individual actors and an aid toward making the micro-to-

macro transitions without elaborating the social structural details through which this occurs 

(S101)ò. This assumes, once again, that it is possible to measure objectively the different 

outcomes in a disaggregated fashion. Such an economic approach leads to the problem of 

reductionism, which consequently results only in partial successes in policy formulation 

and implementation. In our discussion on sustainable communities, we have shown that it is 

just as important to elaborate the social structural details, which is given scant attention by 

theorists like Coleman (1988) who advocates rational action theory where ñpeople are 

viewed as purposive agents who make rational, deliberate choices to maximize their utility 

(Bridger and Luloff, 2002: 467)ò. A deeper sociological exposition of the relationship 

between the changing social structures and agents involved is required to fully understand 

the power of social capital in our quest for sustainable development. In so doing, it is 

essential to examine how decisions on sustainable communities are made in such a 

collective manner that transcends the utility of individual agents that departs away from 

mere abstract notions of trust and altruism. 

CONCLUDING REMARKS  

An attempt was made to sketch out the developments in the literature surrounding the key 

concepts of man-made, human, natural and social capitals in the pursuit of sustainable 

development based on a framework initiated by Pearce (2003). From this salient review, a 

number of observations can be made. First, there is a wealth of knowledge established on 

measuring the various capitals. So, whether it is about cross-country comparisons of 
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productivity, or skills levels depicted by human capital investment, or carbon emissions and 

energy consumption, or the levels of trust in social relationships, there is a huge 

preoccupation on measurement. However, measurement is only as good as the criteria 

chosen, and our discussion above reveals that there is often a lack of consensus regarding 

both the criteria and the final measurements themselves. Knowledge about the various 

capitals and their contribution to sustainable development remains, at best, incomplete. 

 

The partial knowledge is due to the dominance of the economic approach in defining all 

four capitals. This brings about two limitations. First, economic measurements tend to rely 

largely on the ability to place a monetary value on some chosen criteria. Throughout, it has 

been repeatedly shown that this monetary evaluation alone can be arbitrary and lead to a 

level of reductionism that is often unhelpful for both policy formulation and 

implementation. Second, the economic perspective generally views humans as rational 

beings, whose sole purpose of survival is to maximise economic utility. This translates only 

to partial understanding of such complex problems as skills shortages and climate change. 

Furthermore, such abstraction could lead to people at the grassroots feeling disenfranchised, 

argubaly in the case of social capital and the formation of sustainable communities. Third, 

there is also the limitation of the economic perspective in dealing with the age-old problem 

of the free-rider. As we have seen, sustainable development often involves some level of 

public good, e.g. in the development of skills, the shift towards energy conservation, and 

the notion of the community. The economic solution may seem straightforward ï a 

combination of free market mechanism and governmental intervention of market failures. 

However, the reality lies in the complexity associated with market failures and the issue of 

human behaviour in response to governmental intervention. 

 

The extant literature across all four capitals suggests a need to consider, at the very heart, 

the importance of human agency ï an aspect which is unfortunately downplayed in policy-

making and much of the economics literature. Yet, the success of any sustainable 

development endeavour depends on appropriate interactions between socio-

political/economic structures and human agency, and increasingly at the local community 

level. Perhaps less is more in relation to the ever-expanding realm of measurement is 

needed if we were to move forward in the quest for sustainable development. What is 

needed is policy formulation and implementation that accounts for the complexities of 

human agency and a deeper understanding of how these eventually shape institutional 

structures (and vice versa). Both the economic and sociological perspectives to the four 

capitals have been presented. However, these two perspectives often talk at each other 

(often to their backs). Integration of these perspectives is necessary to understand the 

complex interrelationships between the four capitals presented here. 

ACKNOWLEDGEMENTS  

This paper is an abridged version of part of one chapter on sustainable development in a 

forthcoming book entitled Constructing futures to be published by Wiley-Blackwell. Please 

do cite without consent of the author. 



 

9 

 

REFERENCES 

Abdul Samad, Z. and Macmillan, S. (2005) The valuation of intangibles: explored through primary 

school design. In: Emmitt, S. (Ed.) Proceedings of the CIB W096 conference on 

ñDesigning value: new directions in architectural management. 2 ï 4 November, Lyngby, 

Denmark, Technical Univerity of Denmark. 

Banfill, P. F. G. and Peacock, A. D. (2007) Energy-efficient new housing: the UK reaches for 

sustainability. Building research and information, 35(4), 426 ï 436. 

Barker, K. (2004) Delivering stability: securing our future housing needs. UK: HM Treasury. 

Barrett, P. (2005) Revaluing construction: a global CIB agenda. Publication 305. Rotterdam: 

International council for research and innovation in building and construction (CIB). 

Becker, G. (1964; 1993) Human capital: a theoretical and empirical analysis, with special reference 

to education. 3rd Ed. Chicago: University of Chicago Press. 

Blake, N., Croot, J. and Hastings, J. (2004) Measuring the competitiveness of the UK construction 

industry: volume 2. November. London: HMSO. 

Boardman, B., Darby, S., Killip, G., Hinnells, M., Jardine, C. N., Palmer, J. and Sinden, G. (2005) 

40% house. February. Oxford: Environmental change institute, University of Oxford. 

Bridger, J. C. and Luloff, A. E. (2001) Building the sustainable community: is social capital the 

answer? Sociological inquiry, 71(4), 458 ï 472. 

Broadberry, S. and OôMahony, M. (2004) Britainôs productivity gap with the United States and 

Europe: a historical perspective, National Institute Economic Review, 189, 72 ï 85. 

Chappells H. and Shove E. (2004) Report on the óFuture Comfortsô workshop, 

http://www.lancs.ac.uk/fass/sociology//research/projects/futcom/documents/webreport.htm 

accessed on 23 August 2007. 

Clarke, L. and Herrmann, G. (2004) Cost vs. production: disparities in social housing construction 

in Britain and Germany. Construction management and economics, 22, 521 ï 532. 

Coleman, J. S. (1988) Social capital in the creation of human capital. The American journal of 

sociology, 94, Supplement: Organisations and institutions: sociological and economic 

approaches to the analysis of social structure, S95 ï S120. 

Crawford, P. and Vogl, B. (2006) Measuring productivity in the construction industry. Building 

research and information, 34(3), 208 ï 219. 

Dainty, A.R.J., Ison, S.G. and Root, D.S. (2005) Averting the construction skills crisis: a regional 

approach. Local Economy, 20(1), 79ï89. 

Devkota, S. R. (2005) Is strong sustainability operational? Sustainable development, 13, 297 ï 310. 

Doughty, M. R. C. and Hammond, G. P. (2004) Sustainability and the built environment at and 

beyond the city scale. Building and environment, 39, 1223 ï 1233. 

DTI (2006b) Construction statistics annual report 2006. September. London: HMSO. 

Flanagan, R., Cattell, K. and Jewell, C. (2005) Moving from construction productivity to 

construction competitiveness: measuring value not output. Reading: University of Reading. 

Forde, C. and MacKenzie, R. (2007) Getting the mix right? The use of labour contract alternatives 

in UK construction. Personnel review, 36(4), 549 ï 563. 



 

10 

 

Gann, D. M., Wang, Y. and Hawkins, R. (1998) Do regulations encourage innovation? the case of 

energy efficiency in housing. Building research and information, 26(5), 280 ï 296. 

Girardet, H. (1999) Creating sustainable cities. Totnes: Green Books/The Schumacher Society. 

Grugulis, I. (2003) Putting skills to work: learning and employment at the start of the century. 

Human resource management journal, 13(2), 3 ï 12. 

Grugulis, I., Warhurst, C. and Keep, E. (2004) Whatôs happening to óskillô? In: Warhurst, C., Keep, 

E. and Grugulis, I. (Eds.) The skills that matter. Hampshire: Palgrave Macmillan. pp. 1 ï 

19. 

Herring, H. (2006) Energy efficiency: a critical view. Energy, 31(1), 10 ï 20. 

Ive, G., Gruneberg, S., Meikle, J. and Crosthwaite, D. (2004) Measuring the competitiveness of the 

UK construction industry: volume 1. November. London: HMSO. 

Leitch, A. (2006) Prosperity for all in the global economy: work class skills. Final report. 

December. Norwich: HMSO. 

Lowe, R. (2007) Assessing the challenges of climate change for the built environment. Building 

research and information, 35(4), 343 ï 350. 

Macmillan, S. (2006) Added value of good design. Building research and information, 34(3), 257 ï 

271. 

Neumayer, E. (1999) Global warming: discounting is not the issue, but substitutability is. Energy 

policy, 27(1), 33 ï 43. 

Office of the Deputy Prime Minister (2005) Sustainable communities: homes for all. London: 

ODPM. 

Pearce, D. (2003) The social and economic value of construction: the construction industryôs 

contribution to sustainable development. London: nCRISP. 

Pearce, D. W., Markandya, A. and Barbier, E. (1989) Blueprint for a green economy. London: 

Earthscan. 

Pett J. and Guertler P. (2004) User behaviour in energy efficient homes. Report by the Association 

for the Conservation of Energy for the Energy Saving Trust and the Housing Corporation. 

http://www.ukace.org/research/behaviour/User%20Behaviour%20-

%20Phase%202%20report%20v1.0.pdf accessed on 23 August 2007. 

Raidén, A. B. and Dainty, A. R. J. (2006) Human resource development in construction 

organisations: an example of a ñchaordicò learning organisation? The learning organisation, 

13(1), 63 ï 79. 

Rouse, J. (2004) Measuring value or only cost: the need for new valuation methods. In: Macmillan, 

S. (Ed.) Designing better buildings. London: E & FN Spon. 55 ï 71. 

Schiller, G. (2007) Urban infrastructure: challenges for resource efficiency in the building stock. 

Building research and information, 35(4), 399 ï 411. 

Spash, C. L. (2007) The economics of climate change impacts à la Stern: novel and nuanced or 

rhetorically restricted. Ecological economics, 63(4), 706 ï 713. 

Turner, R. K. (2006) Sustainability auditing and assessment challenges. Building research and 

information, 34(3), 197 ï 200. 

UK Government (1999) A better quality of life: a strategy for sustainable development for the UK. 

London: HMSO. 



 

11 

 

Urban Task Force (1999) Towards an urban renaissance. London: E&FN Spon. 

Wacknernagel, M., Monfreda, C., Schulz, N. B., Erb, K., Haberl, H. And Krausmann, F. (2004) 

Calculating national and global ecological footprint time series: resolving conceptual 

challenges. Land use policy, 21(3), 271 ï 278. 

Whyte, J. K. and Gann, D. M. (2003) Design quality indicators: work in progress. Building research 

and information, 31(5), 387 ï 398. 

Winch, G. (1998) The growth of self employment in British construction. Construction 

management and economics, 16(5), 531 ï 542. 

Wood G. and Newborough M. (2003) Dynamic energy consumption indicators for domestic 

appliances: environment, behaviour and design. Energy and buildings, 35(8), 821 ï 841. 

Zeisel, J. (2003) Marketing therapeutic environments for Alzheimerôs care. Journal of architectural 

and planning research, 20(1), 75 ï 86. 

Filmography 
How we built Britain ï The North: full steam ahead (2007) BBC (UK) 



 

12 

 

USING SOFT SYSTEMS METHODOLOGY TO DEVELO P 

LEAN SUPPLY IN CONSTRUCTION PROJECTS 
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For over a decade the UK government has been active in urging the construction industry to 

improve how it manages its supply chains. Yet despite these efforts research has shown that 

supply chain management (SCM) sophistication in construction is still at a very low level in 

comparison to many other industries. Often citing the manufacturing industry, much of the 

governmentôs focus has been on encouraging organisations to make their supply chains 

leaner. However, the construction industry has a unique working culture and high levels of 

fragmentation that differentiates it from manufacturing. This makes lean supply for most 

constructed products a very different proposition to that of most factory manufactured 

products. Soft Systems Methodology (SSM) is identified as a means for developing lean 

supply in construction. It is argued that the SSM approach can enable SCM practitioners in 

construction to view the process of developing lean supply holistically, allowing them to 

take into account the culture and fragmentation that they might face. 

Keywords: Lean Supply; Soft Systems Methodology; Culture; Fragmentation 

Introduction  

The UK construction industry accounts for approximately 8% GDP (Shelbourn et al, 2006), 

with an annual output of £79.4bn generated by 182,664 mainly private contractors 

employing 1,169,000 people (DTI, 2006). It is a highly fragmented industry with a 

significant concentration of small and medium sized enterprises (SMEs). The top 30 private 

contractors account for just 17% of output (Fernie et al. 2003). In comparison BAE 

Systems accounts for approximately 60% of the output in the UK aerospace industry 

(Green et al, 2005).   

The industry is also characterized by its inefficiency and antiquatedness (Egan, 1998), and 

as a result there have been a number of initiatives over the past 20 years, most with 

government endorsement, to help address these issues. Constructing Excellence (the 

government back body born out of the Egan report) estimate that the products and services 

in the typical construction supply chain account for 80% of the cost of a project 

(www.constructingexcellence .org), so many of these initiatives partly or wholly focus on 

improving SCM, and in particular making supply chains ñleanerò by removing systemic 

waste. 
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A highly influential endorsement of ñlean thinkingò is ñRethinking Constructionò (Egan, 

1998). Citing the success of Toyotaôs (lean) Production System (TPS) in Japan, and in 

particular its ability to replicate this success in its overseas operations, Egan proposed that 

lean and lean supply could be adopted into UK construction practices as a means of 

ñsustaining performance improvementò. He assured that despite conventional opinion, 

construction has many similarities to industrial manufacturing, for example, a high 

occurrence of ñrepeat productsò and ñrepeat process(es)ò.  Figure 1 highlights the benefits 

of lean in construction according to Odgaard (2005): 

 

Figure 1: The benefits of lean construction (Odgaard, 2005) 

To what degree lean supply has diffused into the construction industry as a result of what 

Naim and Barlow (2003) call this  ñgovernment exhortationò is hard to fully quantify and is 

the subject of ongoing research, all be it relatively limited. In terms of company size, 

according to Mossman (2009) much of the take up of lean has been by privately owned 

medium sized firms. This phenomenon is suspected to be a function of their ñform of 

ownershipò (rather than their abundance) as directors of private SMEs are not subject to the 

ñshort-termismò of shareholder reporting and the stock exchange, and therefore can take a 

ñlonger viewò with respect to a sustainable lean strategy. One of the exceptions to the size 

criterion (although they are still privately owned) is Laing OôRourke. Their logistic centre 

and off-site manufacturing system used to facilitate near Just-In-Time (JIT) material 

deliveries during the construction of Heathrow Terminal 5 (Dawson et al, 2008) being a 

high profile example of lean supply in construction.  

In terms of numbers of take up, a national survey of UK house builders by Barker and 

Naim (2008) showed that approximately 37% had not heard of Lean Supply principles, 

36% had heard of them but had never used them, 21% had used them sometimes, and 6% 

had used them extensively. In comparison, by 2001, approximately 96% of the UK 

aerospace industry was at least aware of the benefits of Lean Supply (Harrison et al. 2002).  



 

14 

 

Culture 

To help put their work into context Barker and Naim (2008) reported some responses as to 

why practitioners believed that SCM sophistication and ultimately lean diffusion was so 

low in comparison to many other industries. These responses indentified ignorance, cultural 

barriers and a general lack of appropriate resources across the sector, for example, 

ñCompany very set in its ways. p.s. most people here think óLathamô was a cricketerò ï 

Good luck. Such sentiments are not new (for example, ñThe Simon Reportò in1944), nor 

are they uncommon across the industry. Green et al. (2005) found the issue of cultural 

barriers to ñtranscend all other issuesò amongst SCM practitioners in construction. The 

enduring view was that the ñdinosauristicò culture was hindering the implementation of 

SCM, and whilst it was seen to be changing for the better, the rate of change was still too 

slow for construction, as a whole, to achieve the level of sophistication experienced in other 

industries in the near future. 

Another distinguishing aspect of construction culture in the UK are reports of the use of 

fear as a motivator, and that itôs the ñmodus operandiò of many construction companies 

(Mossman, 2009). This is a serious consideration when contemplating lean supply 

development because the whole philosophy is firmly rooted in empowerment, trust and 

participation (Bicheno, 2004), reflecting Demingôs (1986) insistence that meaningful 

systemic improvement cannot happen in a fear driven environment.  

There are also the practical aspects of ñgoing leanò to consider within the cultural context. 

It typically takes three to five years to embed a continuous improvement culture in 

manufacturing, and doing the same in construction is likely to take considerably longer 

(Mossman, 2009), certainly longer than the duration of most construction projects. 

Fragmentation 

Unlike modern manufacturing, the UK construction industry is characterized by its multi 

level fragmentation (Baiden et al. 2006). Supply chains normally exist only for the duration 

of a project (Vrijhoef and Koskela, 1999), and as a result there is little incentive for actors 

within the chain to work and learn together. This is compounded by the fact that these 

actors will often see the others as adversaries as a result of ñtraditionalò procurement 

processes, contract arrangements (Cullen et al. 2005), the conflicting nature of demand and 

supply (Cox and Ireland, 2002)  and contractors only focusing on the 1
st
 tier (Briscoe and 

Dainty, 2005). The ñpartneringò movement stemming from Latham (1994) was designed to 

address this situation, and there have been some successes, but these for the most part have 

only involved the ñmajor playersò (Mossman, 2009).  

This fragmentation also manifests itself physically. The distance between the production 

site and suppliers changes with every new project. Not only does this pose challenges to 

communication, but more importantly challenges to transportation ï a core focus of lean 

supply (Jones and Womack, 2003).  
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An innovative way to develop lean supply on construction projects 

The characteristics of its culture and the fragmented nature of the UK construction industry 

make developing lean supply for most construction projects a much more complex task 

than doing the same in traditional manufacturing, and the repeated ñexhortationsò that urge 

construction to learn and copy from other industries give little attention to this (Green et al, 

2005).  

Slow cultural change is not exclusive to construction. But the fact that most construction 

projects are of relatively short duration means that culture will not change dramatically 

during that timeframe and efforts to exhort cultural change would usually amount to a 

waste in itself (although enforced change naturally modifies culture a little (Checkland and 

Scholes, 1990)). Previous examples of lean supply in construction have shown that 

bringing actors within the supply chain around to lean thinking and participating in the 

journey is not unrealistic (Ballard, 2008). However it can be argued that for ñlean supply in 

constructionò to achieve the desired level of success, the solutions that are implemented 

must be as culturally feasible as possible. This coupled with the multi level fragmentation 

of the industry and supply chain means that an SCM approach that can view the entire 

problem systematically and holistically, and that can deconstruct complexivity is needed. 

One approach that affords practitioners this capability is soft Systems Methodology (SSM).   

Soft Systems Methodology (SSM) 

SSM, as advocated by Checkland and Scholes (1990) stems from research into solving 

ñreal world problemsò carried out in the late 1960ôs at the University of Lancaster in the 

UK. It was originally seen as a business process modelling/re-engineering tool, but now it 

is also being seen as a powerful learning and meaning development tool (Williams and 

Imam, 2007). SSM is firmly embodied in the philosophy of Systems Thinking - the idea that 

the world with all its idiosyncracies, problems and quirks can be better understood by 

thinking of it holistically. Holistic meaning that no dimension of culture can be understood 

in isolation, cultures are integrated wholes (Checkland, 1891).  Winter and Checkland 

(2003) describe systems thinking as ñthinking holistically or óseeing the big pictureôða 

mode of thinking which is complementary to the more reductionist thinking of natural 

science in which the emphasis is on óbreaking things downô and looking at things in 

detailò. Systems thinking was philosophised by the likes of Aristotle and Plato, so itôs not 

necessarily new or novel. Yet it only relatively recently has begun to develop a more 

widely accepted philosophical base.  

Systems thinking is a broad field, a continuum with the ñhardò at one end and ñsoftò at the 

other, with ñhardò being the much more accepted and practiced (in many ways similar the 

quantitative and qualitative research ñapproachesò). Literature most often refers to ñhardò, 

and essentially traditional systems thinking as being associated with testing hypothesis 

using quantitative data (Jacobs, 2004). SSM offers an alternative, and encourages users to 

focus more on the fuzzy ill-defined areas of problems like the human interaction and 

cultural perspectives, ultimately viewing humans as ñcomponentsò (Maqsood et al, 2006). 
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Mayon-Whiteôs (1993) map (figure 2) helps to indicate where SSM stands historically and 

theoretically in relation to its systems thinking ñpeersò. 

 

Figure 2: Historical and theoretical map of systems thinking (Mayon-White,1993) 

So to summarise: 

Soft relates to the concept being primarily related to people and how they think and interact 

with one other and their environment.  

Systems relates to the need to think systemically about these people, their relationships, 

procedures and resources.  

Methodology relates to it being an organised way of thinking. It is a process of analysing 

where we currently stand, where we think we should stand, and developing the appropriate 

actions to get us there. 

The Stages of SSM 

SSM is a ñcyclic learning systemò (Bergvall-Kareborn, 2002) traditionally containing seven 

stages. Some address the ñrealò world, some the ñconceptual world. The stages are: assess 

the problematic situation, express the situation pictorially or graphically, determine the root 

definitions, create a conceptual model, compare the conceptual model with the real world 

situation, define the changes required to address the problem and take appropriate action 

(Figure 3). 
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Figure 3: The SSM cycle 

Stage 1: Assess the Problematic Situation 

The first stage of the SSM process is to acknowledge and define the ñproblem situationò, 

and assess why it is of particular interest. This could involve a preliminary gathering of 

relevant literature and other material, a meeting to discuss peoplesô current viewpoints, or 

whatever is deemed appropriate to give one an overall awareness and initial explanation of 

the problem. This is often an arbitrary starting point, and the initial assessment may shift as 

the problem situation is better understood (Williams, 2005). 

Stage 2: Express the Situation Pictorially or Graphically 

The second stage of the SSM process is to express the problem situation. This is achieved 

by representing the problem in the form of a ñRich Pictureò. Modern business management 

tends to be overwhelmingly dominated by number and text and drawing pictures in order to 

better understand problems is often seen as primitive and wasteful - but it has been proven 

that pictures are an excellent way for humans to organize and express complex problems 

(Checkland, 1990). Through the Rich Picture we attempt to encapsulate reality through 

pictorial representation of all the core elements that constitute a given situation: for 

example, connections, relationships, cause-and-effect, influences etc. 

There are many examples where rich pictures have proved to be a valuable tool, and not 

just when used for a full SSM programme. For example, Jacobs (2004) reported that rich 

pictures ñprovided a springboard for in-depth analysis of the problem situationò when 

endeavouring to bring about performance improvements and organisational change within 
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the English National Health Service (NHS) using SSM. Whereas Naim and Barlow (2003) 

used rich pictures independently of SSM to present their work on reengineering housing 

supply chains to become both lean and agile because they helped ñto understand problems 

and potential solutions without becoming obscured by minutiaeò. Not only does the work 

of Naim and Barlow show the potential of rich pictures as a tool for communication of 

complex problems, but it also gives an example of the applicability of rich pictures when 

developing lean supply in construction, particularly when considering the issues of culture 

and fragmentation. Their rich picture of a ñtraditionalò house building supply chain is 

shown in Figure 4. 

 

Figure 4: Rich picture of traditional house building supply chain (Naim and Barlow, 2005) 

Stage 3: Root Definitions 

The third stage of the SSM process moves out of the real world and into the conceptual 

world of systems. This is the stage from where improvement ñgrowsò which is why 

Checkland (1981) calls it the ñRoot Definitionò stage. The aim of this stage is to develop a 

concise, logical textual (root) definition that can ñexpress the core essence of the 

perception to be modelledò (Checkland and Scholes, 1990).  It should follow the basic 

formula of ña system to do X, by means of Y, in order to Zò. 

The development of the root definition should be further guided by a technique called 

CATWOE Analysis. CATWOE Analysis is a powerful technique that allows the 
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identification of important components of a system, which in turn affords a better 

understanding of a given situation. The CATWOE mnemonic is as follows: 

Customers: Those who benefit or suffer from the output of the named system. 

Actors: Those who perform the Transformation tasks within the named system. 

Transformation: The conversion of Inputs to Outputs for the named system. 

Worldview: What makes T meaningful. Why we are really doing it? The bigger picture. 

The wider impacts. 

Owners: Those with the power to stop T 

Environment: The limitations and constraints that could have an impact on the solution and 

its ultimate success. 

CATWOE is firmly embedded in cultural and stakeholder analysis. Therefore it has the 

potential to play an effective role in the understanding construction management issues, for 

example, improving Knowledge Management (Maqsood et al, 2007) and Risk Management 

(Smith, 1999). 

Stage 4: The Conceptual Model 

The fourth stage of the SSM process is to develop a conceptual model.  The conceptual 

model shows the sequence of activities and their logical dependencies that complete the 

transformation process described in the root definition and the CATWOE analysis.  

Stage 5: Comparison of Conceptual and Real World 

The fifth stage of the SSM process is to evaluate how the conceptual model compares to the 

perceived reality: what might happen compared to what does happen i.e. comparing the 

conceptual model to the rich picture. This process unearths activities that are poorly done 

(or not done at all), and ultimately provide the platform for an appropriate management 

strategy to be identified. The comparison is carried out by analysing each activity in the 

respective model by way of asking the following key questions: Is the activity actually done? 

How is it done? Who does it? How do we assess its performance? How is this process 

performing at the moment? The analysis is normally recorded in tabular form, or what is 

commonly known by SSM practitioners as the matrix approach (Checkland and Scholes, 

1990). 

Stage 6: Defining Change 

The sixth stage of the SSM process is to determine what changes are to be made in order to 

improve or address the problems identified in stage five. This is the stage when intense 

discussion and debate is encouraged. Obviously there can be many solutions for any given 
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problem, so there needs to be a way of determining the most appropriate one. Born out of 

its ñhumanisticò focus, SSM dictates that for the highest chance of success these changes 

must be Systemically Desirable and Culturally Feasible. 

Systemic Desirability means that the changes made to improve the existing system must 

reflect the insight gained through the SSM process i.e. not the changes that we in isolation 

think we want, but rather what the system wants. 

Cultural Feasibility takes into account that culture has a significant impact on change 

(particularly with Lean implementations (Bicheno, 2004)) and every problem situation will 

have an associated culture. SSM defines culture in problem situations being primarily made 

up of social and political systems. Social systems are constantly changing interactions of 

three elements: roles, norms and values. Roles are positions of social importance that are 

institutionally or behaviourally defined, the expected behaviour is the norm, and the 

performance of that role is judged against established values (Checkland and Scholes, 

1990). 

Furthermore a role is characterised by expected behaviour otherwise known as norms. 

Political systems are where differing interests are accommodated through expressions of 

power, or hierarchy. This power may be expressed in a number of ways, for example, 

personal charisma or membership to a particular committee (Kotadis and Robinson, 2008) 

or union (Wilson, 1984). Therefore, for change to be successful, that change itself must be 

as socially and politically acceptable as possible i.e. ñThis means something to us, itôs 

realistic, and we can work with itò.  

Pragmatically, Patching (1990) suggests that Technical Feasibility and Financial 

Feasibility should also be considerations at this stage (although he concedes that these 

considerations are normal practice when developing such proposals). It should also be 

noted that Jones and Womack (2002) advocate that ideally, lean supply should be 

implemented for little of no cost. 

Take Action 

The final stage of the respective cycle is determining what actions are required to 

implement the solutions identified in stage six. These solutions once implemented, will 

alter the problem situation. So in principle a new cycle of SSM can begin. Consequently the 

problem may be continually reviewed, and therefore the system continuously improved. 

Also, the lessons learned and the knowledge gained can be applied to other situations, for 

example, designing value into supply chains. 

Conclusions and Proposed Implementation 

It has been argued that the success of lean supply in construction is heavily influenced by 

the unique culture and fragmented nature of the industry. This paper has put forward the 

case for using SSM to develop lean supply in construction due to it having the scope to 

identify and analyse these influences. The next phase in this research is to test the 
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hypothesis that SSM is an innovative and effective way of developing lean supply in 

construction by applying in it to a physical project during the construction phase. It is 

proposed that a workbook will be supplied to supply chain practitioners working on a 

medium sized MoD construction project in southern England where it will be used to help 

develop lean supply. The focus of the work will be on the interface between the 

construction site and first tier. The validity of using SSM will be analysed using case study 

method incorporating semi-structured questionnaires.  
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A STRAW BALE HOUSE BUILT IN A TEMPERATE 
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This paper presents findings from doctoral research project at the University of Plymouth 

whose main focus is to establish the boundary conditions that define a ósafeô level of 

moisture content in straw bale walls, and to develop an improved probe for measuring the 

moisture content of straw bale walls demonstrating that it is possible to get accurate 

measurements of the moisture content of a straw bale wall using a relatively simple óhome 

madeô timber-block probe. The research also covers the findings from on-going research 

project investigating the durability of straw bale walls in the UK. This research is focused 

on the Totnes Eco House, a timber frame and straw bale house built in the South West of the 

United Kingdom in 2005. The influence of the Gulf Stream in this region of the UK creates 

a mild damp climate that is potentially the very damaging to straw bales. The paper 

discusses the long term monitoring of the straw bale walls of the house. The results show 

that when covered with an appropriately hygroscopic finish, straw bale walls can withstand 

elevated moisture contents, as long as the environmental conditions allow the straw to dry 

back to below the level considered harmful. Where conditions mitigate against the drying of 

the straw, the use of a simple timber rainscreen is shown to greatly improve the moisture 

performance. This work is considered useful to architects, designers, contractors, insurers 

and self-builders involved in the design and construction of straw bale buildings in 

temperate climates. 

Keywords: Post Occupancy Evaluation, Moisture, Monitoring, Non-food crops, Straw bale. 

Introdu ction 

There is increasing concern and awareness of environmental issues such as climate change, 

depletion of fossil fuels, pollution of natural resources, and damage to eco-systems. There 

are many contributory factors to these changes, but as far as this paper is concerned, two 

statistics stand out. The first is the fact that in 2008, 27.5% of final energy consumption in 

the United Kingdom (UK) came from domestic dwellings(MacLeay, Harris and Michaels 

2009) and that 10% of the total energy used in this country is embodied in construction 

materials(Harris and Borer 2005). Current legislation from Government and initiatives from 

within the construction industry are focused on lowering the energy used during the 

lifetime of new buildings, but some of these proposals (such as mechanical heat recovery) 

will also significantly increase their embodied energy. This has resulted in an 

understanding that it is essential for architects and designers of low energy houses to take 
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account the fabric embodied energy and the origin of their construction materials(Atkinson 

2008). One group of materials of increasing prominence with low embodied energy is that 

of renewable materials or ñNon-Food Cropsò, such as straw bale, hemp-shiv, flax, reed, jute 

and sisal(Yates 2006). However, there are some concerns of the long term effects of 

moisture on these materials, particularly in a temperate maritime climate, such as the 

UK(Lawrence, Heath and Walker 2009). 

 

In 2005, the University of Plymouth started monitoring a timber and straw bale house that 

had been constructed in Totnes, South Devon, UK. Measuring the straw bale walls for 

moisture content began immediately upon completion. The house has been monitored for 

almost four years since November 2005, and has provided an invaluable source of data on 

the long-term moisture performance of straw bale construction(Carfrae, deWilde, Goodhew, 

Walker and Littlewood 2008). A variety of methods have been used to measure the 

moisture in the walls of the Totnes Eco House including various prototype timber-block 

sensors, a Protimeter óBalemasterô(GE_Sensing 2006), temperature and relative humidity 

probes and gravimetric analysis. In June 2007 a fault in the execution of an external drip 

detail was discovered, which had allowed the ingress of moisture into a section of the 

external wall. This provided an excellent research opportunity to assess the moisture 

performance of the wall design and materials. Once the defect was eliminated, a detailed 

analysis was undertaken of the pattern of drying of the straw bale wall over the course of a 

year, providing a unique contribution to this field of research. In addition, this paper looks 

at the role of a timber rain-screen(Carfrae, Goodhew, deWilde, Littlewood and Walker 

2009) in helping to prevent the problem discussed in this paper happening for other straw 

bale dwellings in the UK. 

Description of the Totnes Eco House 

The Totnes Eco House was designed to have a minimal impact on the environment both in 

the construction phase and during its life span. One of the decisions that underpinned this 

design philosophy was to avoid the specification of construction materials with high-

embodied energy content, such as concrete. This decision also influenced the sourcing of 

the chosen construction materials, attempting to obtain them as close as possible to the site 

in order to cut down on transport energy and associated carbon dioxide emissions, and in 

addition to potentially support the local economy. It was therefore decided to use timber for 

the buildingôs structural frame, straw bales for the external walls, loose sheepôs wool for 

additional insulation and lime based renders for exterior and internal wall coverings. The 

finishes used on this form of wall should be airtight but vapour permeable, which will 

allow the water vapour that is created inside the dwelling to migrate to the outside without 

becoming trapped inside the wall. This is a form of construction known as a óbreathingô 

wall. This has benefits for the indoor air quality, but more importantly, it is generally 

recognised that a vapour permeable finish is important in protecting organic materials such 

as timber and straw, in that it mitigates against any build up of moisture and the potential 

for damage that could ensue(Summers 2006).  

 

Three coats of fat lime render with an average thickness of 25mm protect both sides of the 

straw exterior walls. This render is made from three parts of sharp sand to one part lime 

putty, which is the result of slaking quicklime in water. This material is more hygroscopic, 
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and has greater vapour permeance than lime based renders that contain a percentage of 

cement(Straube 2000). When detailing a wall build up of this kind, it is important that the 

degree of permeability of the different finishes on each side of the wall is balanced. In a 

temperate climate, the warm interior air will almost always contain more moisture, with a 

higher vapour pressure than the cooler air outside. The moisture from the inside will travel 

through the wall to the lower pressure on the exterior face of a building. So to avoid the 

water vapour building up to the point where it can condense into water droplets (known as 

interstitial condensation), it is important that the inside face of the wall should be less 

permeable than the outer, always encouraging the flow of vapour to the outside. 

Development of the Timber Disc Moisture Probe 

The initial monitoring of the house was undertaken with a timber-block sensor. An 

inexpensive and easy to build probe for measuring the moisture content of the straw in a 

straw bale wall was first developed in Canada, and the design was published in 1996 by the 

Canada Mortgage and Housing Corporation (CMHC)(Fugler 1996). Further details 

appeared In the Spring 1998 issue of The Last Straw(Fugler 1998). This article discuses 

two prototype probes designed by Dr Vandrish, one of which used a relative humidity 

meter that was taken apart and the sensor embedded in the wall, the other one used a small 

piece of balsa wood encased in a perforated tube. Habib John Gonzalez (owner of 

óSustainable Worksô) published a simplified version of the second design using a timber 

disc(Gonzalez 1998), and it is this design that has been used more recently by Goodhew et 

al(Goodhew, Griffiths and Woolley 2004), and is the model that was first installed in the 

Totnes house(Carfrae et al. 2008). Professor Goodhew had made revisions to the 1998 

design including some small differences in the way that the probe was constructed, and a 

more significant modification in that the variety of timber used was changed from the white 

pine used by Gonzalez to oak, following comparative testing at the University of 

Plymouth(Bryant 2004). 

 

This moisture probe is designed to be easy to manufacture, and at a reasonable cost. They 

consist of a small piece of timber in a perforated tube that is inserted in the wall, with a pair 

of wires attached to the timber going to the outside (figure 1). 

 

 
Figure 1: Section through the original timber-block probe as modified at Plymouth  

 

The theory being that because the timber is in the same environment as the straw it will 

mimic the moisture behaviour of the straw. After a period of time the air in the perforated 

tube will be at equilibrium with the air surrounding the individual pieces of straw in the 
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wall and the relative humidity of that air will be adsorbed by the timber disc to give it the 

same moisture content as the straw. A pair of wires are attached to small stainless steel or 

brass bolts fixed 12 mm apart in the timber disc and the other ends of the wires are attached 

to similar bolts fixed to the end cap of the tube. When inserted into the wall, a reading can 

be taken with a timber moisture meter from the bolts in the end cap, or a pair of flying leads 

can be taken to a central terminal block where more than one probe can be monitored. 

 

Depending on the length of the different sections of the probe, and the number and spread 

of the perforations, the probes could be tuned to read the moisture content at different 

depths into the wall, and in the case of the Totnes house, the probes were used in pairs of 

one long and one short, inserted into the wall about 100mm apart thus measuring the 

moisture at two points, one close to the inside face of the wall, and one towards the outside. 

This would give an idea of the moisture gradient through the wall. The probes were used 

for the first year of monitoring until a Protimeter óBalemasterô was acquired.  
 

 
Figure 2: Protimeter óBalemasteró in use 

 

The óBalemasterô is designed for use in agriculture, and consists of a 600mm long steel 

probe that can be inserted directly into the interior of a straw bale wall through a hole 

drilled in the outside render. The probe is attached to a meter that measures the electrical 

resistance at the tip and is calibrated to give a measure of the moisture content of wheat 

straw (Figure 2). Inserting the óBalemasterô into the same places in the walls that contained 

the timber block probes showed significant discrepancies in the moisture levels recorded. 

With reference to the expected moisture content of a typical straw wall(Lacinski and 

Bergeron 2000) it seemed likely that the timber block probes were under-estimating the 

actual moisture levels. Therefore, whilst the study had shown the potential for the moisture 

monitoring of straw bale buildings using timber-blocks, further research was needed to 

improve their accuracy (Figure 3). 
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Figure 3: Graph illustrating the discrepancies between the original timber-block probes 

and the óBalemasterô.  
 

In January 2007 a full-time research project at the University of Plymouth commenced the 

process of designing and calibrating an improved timber-block probe. A series of three 

prototypes exploring the effectiveness of different configurations were constructed and 

tested in the lab and in the walls of the Totnes house 
 

 
Figure 4: Prototypes for the improved timber-block probes 
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Version 1 has a simplified version of the originals perforated tube, but made shorter, and 

with larger holes, so the timber disc óseesô a smaller volume of air, and the ratio of closed 

space to open space (through the wall of the tube) is greater. The second version still has a 

shroud, but it is simply a short extension of the tube, just enough to keep a physical 

separation between the timber and straw whilst still allowing a minimal separating air space. 

The third version changes the timber disc into a bullet shaped projection at the end of the 

tube that will force the timber into direct contact with the straw.  This provides increased 

contact with the material being measured and was found in trials to more accurately follow 

the patterns of moisture concentrations in a variety of straw bale walls, almost exactly 

duplicating the readings given by the óBalemasterô and gravimetric analysis, but unlike the 

óBalemasterô, these probes can be left in-situ. Used in pairs of one short and one long they 

can give an indication of the moisture gradient through the depth of the wall. 

 

The óBalemasterô probe was also used continuously at the Totnes Eco House, alongside 

temperature and relative humidity probes, combining to produce a detailed picture of the 

moisture performance of the straw bale walls. 

Results 

Sorption and Desorption Isothermôs were created in the environmental chamber at the 

University of Plymouth over a period of four months. Specimens of previously oven dried 

wheat straw were placed in the chamber at a series of increasing relative humidities, and 

their moisture content established through gravimetric analysis. The results were plotted on 

a graph to create the Sorption Isotherm. Once the straw had achieved maximum moisture 

content at 98% RH, the process was reversed and a Desorption Isotherm could be plotted 

(2000). 

 

The Isotherms were then used as a reference for calibrating the improved timber-block 

probes. Isotherms for four different species of timber were created and the species that most 

closely followed that of straw, both in moisture content at a given relative humidity and 

temperature, and having a similar lag time between changes in humidity, was found to be a 

hardwood called Ramin, which became the choice of timber for the new probe. The 

technicians at the University of Plymouth produced a batch of 48 new probes, and all the 

probes produced were calibrated in the same environmental chamber. Because the Isotherm 

for Ramin had already been created, a single reading at 90% RH was all that was required 

to check their accuracy. 

 

While the long term monitoring of the house continued, a series of tests were undertaken to 

compare the newly calibrated timber-block probes with the óBalemasterô, which had also 

been calibrated through gravimetric analysis. It can be seen from the graph (figure 5) that 

the two traces almost exactly overlap, confirming the accuracy of the new probe. 
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Figure 5: Graph showing results of comparison between the improved timber-block 

probe and the óBalemasterô. 
  

In looking at the moisture performance of straw bale walls, one of the most pressing 

questions is to establish a sensible safe maximum for moisture content in the wall. In the 

straw bale building community there is a received wisdom that the safe maximum moisture 

content for straw is 25%(Magwood and Mack 2000). This research confirms that a 25% 

maximum is a sensible upper limit for long-term moisture content in a temperate maritime 

climate such as that enjoyed by most of the UK. However, there are two caveats to add: 

 

¶ This research project has shown that short-term exposure to higher moisture levels 

in a straw bale wall does not automatically lead to serious degradation as long as the 

levels do not exceed 37%, the capillary saturation point; 

¶ If there are long-term moisture contents recorded of around 25%, then there is likely 

to be a problem with the construction of the building.  

 

The capillary saturation point is the maximum amount of water that the straw can adsorb 

from the atmosphere in the form of water vapour. It represents the point at which the 

molecules of water vapour contained in the capillaries of the straw would start to combine 

to form water as a liquid. The sensible maximum atmospheric relative humidity for 

experimental purposes is around 98%, and at this point, the moisture content of straw is 

37.6%; this is the capillary saturation point, and if the measured moisture content goes 

above this for even relatively short periods, then degradation of the straw is almost 

inevitable. The capillary saturation point represents the point at which the straw turns from 

damp to wet (Straube 2006). 

 

This research shows the expected moisture content on the outside of a well-built and 

maintained wall to be between 15% and 18% depending on the local environmental 

conditions; readings will be higher on a wall that faces the prevailing weather, and lower in 

a more sheltered situation. 
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Figure 6: Parapet capping of a straw bale external wall showing where a drip edge 

had been badly executed. 
 

At the Totnes Eco House there was an opportunity to record the results of a high build up of 

moisture. In 2007, measurements taken with the óBalemasterô showed that one corner of a 

ground floor bedroom of the house was giving readings approaching 37%, where the 

bedroom next door had a maximum of 18%. The problem was traced to a badly executed 

drip detail on the parapet capping of a section of the straw bale wall (figure 6). The final 

coat of lime render had mistakenly been built up to fill the space behind a preformed drip 

and the wall surface behind it, creating a route for surface rainwater to penetrate into the 

interior of the wall. The defect was immediately fixed with the addition of a gutter around 

the parapet, and a series of detailed readings were taken at different heights and depths 

through the affected wall section. 
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Figure 7: Graphs showing comparative readings from the bottom of the wet and dry 

walls. 
  

The graphs in Figure 7 show comparative moisture measurements of the exterior walls of 

the two adjacent rooms during the drying out of the wet wall between June 2007 and 

February 2008. The measurements were taken at 50mm intervals through the wall from a 

depth of 150mm to 350mm, starting from the inside face. The drying process went through 

two distinct phases. During the first five weeks the outside of the wall (the dark trace on the 

graph at 350mm) is drying back fairly rapidly, while at the same time the trace nearest the 

interior of the wall is showing the opposite trend. This seems to indicate that the vapour 

pressure is equalising across the whole wall causing the excess moisture to spread itself 

more evenly through the wall. The second phase takes us through to November 2007, and 

shows the whole depth of the wall drying out at a similar rate until it reaches a level of 

moisture content comparable to the dry wall shown on the right, and indicative of the 

expected levels in a lime rendered wall, with the spread of moisture going from 12% on the 

inside to 16.0% on the outside. The graph of the dry wall (on the right), although appearing 

almost flat compared to the wet wall, shows that whilst the outside of the wall stays at 

around 16.5%, the inside of the wall, even eighteen months after the house was completed, 

is still gradually drying back from 13.0% to 11.5%. 


