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Abstract. Managing knowledge is important to the construction industry because of the expense and duration of its projects. However, it is difficult to decide the scope of the knowledge base required for a design when sustainable ecosystem issues, which may originally appear to be tangential, become in the longer term primary negative influences. In such cases, how do we manage the risk of under-specifying the scope of a new asset management system at the design stage? And how do we justify the increased cost of a larger geographical or disciplinary catchment for the asset management plan? This paper gives a route to an answer by reporting four cases of failure of a project outside its original system boundaries that was otherwise successful within them. An implication of the low carbon agenda is that design lives will be longer and the likelihood of unforeseen ecosystem interactions will increase. And that the designer will need prompts in terms of new knowledge. Accordingly this paper reports on current R&D by the authors to create a computer package that addresses whole-life AMP issues at the design stage. This will be of significant impact in addressing the low carbon upgrade issues in urban buildings and infrastructure. Currently we call this Snake Eye.
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Introduction
The major purpose of creating a sustainable Asset Management Plan (AMP) is to give optimal value to asset owners, the end users and most importantly fulfil the triple bottom line of sustainability. The ecosystem is a complex one. This complexity has made it difficult to decide the knowledge base scope required for engineering designs. Designs are in most cases based on the available information, technology and resources.  The knock on effect of underspecifying the scope of design is sometimes catastrophic. More often than not, sustainability is inadvertently made the opportunity cost. We find that even before accounting for negative impacts on human, society and environment, the real construction costs of large dams are too high to yield a positive return (Ansar et al, 2014). Asset management (AM) can help reduce the risks of catastrophic failures of the system as well as surprises in the budget (Vinnari and Hukka, 2009). There are lessons to be learnt from some case studies around the world. These lessons are very crucial to be considered in future designs. This is an application of Wood's forensic cycle.  Designs have been improved over the years, nevertheless with the available technologies for sophisticated designs, case studies has showed often times that oversight does occur in deciding the knowledge base scope required. The will to improve and sustain the level of performance of assets in our dynamic world has made necessary to review our AMP. To achieve this, AMP must be considered in the initial design draft because AMP and the asset management cost (AMC) is a function of the design. Opportunity cost is inherent in all asset creation and one of the problems in design is identifying the real cost from the opportunity cost. In a bid to creating our built environment, the balance of our ecosystem which is naturally in a state of equilibrium has been disturbed. Designers try as much as possible to minimize upsetting the equilibrium which is sometimes impossible because of the complex system in the built environment.  

It is high time we built not only a sustainable asset but also in a sustainable way. It is worth knowing that two sustainability issues arise in our built environment: 
Impact of the assets introduction on the sustainability of the community.
 Sustaining the asset throughout its life cycle.

Asset failure goes beyond structural defects or asset not fit for its intended purpose, but when an otherwise beneficial asset create a negative knock on effect, the asset has failed in terms of sustainability. Understanding the system dynamics of our environment is the key to avert some costly oversight in specifying the system boundaries of an AMP. System dynamics as defined by (Wolstenholme, 1990) is a rigorous method for qualitative description, exploration and analysis of complex systems in terms of their processes, information, organisational boundaries and strategies which facilitates qualitative simulation modelling and analysis for the design of their structure and control (Thurlby, 2013).
This paper conducts a literature review across a range of disciplines and international data bases for induced failures in adjacent assets outside the primary design’s system boundary, and then examines the impact on the external ecosystem’s sustainability. The cases discovered indicate there is a question to be addressed in future projects.

1. An otherwise beneficial dam, inducing Schistosomiasis in a river basin population by disturbing the prey-predator balance in microscopic river life. 

2. Coastal land reclamation causing habitat loss for migratory birds as well as other intertidal biodiversity, and impacting the livelihoods of thousands of people who depend on the intertidal ecosystem beyond the national boundary. 

3. The mismanagement of an intra-continental lake such that its capacity reduced by over 90% with consequent profound implications for biodiversity and food production 

4. The mining of tar sands for oil in one region that resulted in significant pollution and health issues outside the project’s boundary. 

Case studies 
An otherwise beneficial dam for the people of Senegal induced Schistosomiasis in their river basin population by disturbing the Snail-Prawn balance in microscopic river life. The disease cause an annual loss of between 1.7 and 4.5 million disability (Steinmann et al, 2006). A critical look at this project indicated that it was not economically sustainable. The dam design had to be revisited and retrofitted to balance the disturbed Snail-Prawn balance. Apart from the environmental and social impact, the project also became unsustainable economically. The cost of drugs and vaccines for this pervasive disease treatment as reported by The Guardians was $20m and the project to restore the disturbed ecosystem was estimated to cost $500,000.

Recent analysis calculated that china and South Korea had reclaimed 51% to 60% respectively of their coastal wetlands since 1980 (An et al .2007). This coastal land reclamation caused habitat loss for migratory birds as well as other intertidal biodiversity, and impacting the livelihoods of thousands of people who depend on the intertidal ecosystem beyond the national boundary. It became evident that regional reclamation construction on coastal area induced drastic land cover changes which led to changes in water quality (Choi 2013). The economic driven purpose of the reclamation resulted into social and environmental instability making the project socially and environmentally unsustainable.

The mismanagement of Lake Chad reduced its capacity by over 90% with consequent profound implications for biodiversity and food production (Odada et al, 2006). Lake Chad lies between the boundary of Chad, Nigeria, Niger and Cameroun in West Africa. The Lake experience this drastic changes due to poor water management practices during the last 50 years (Li et al, 2007). The combined effects of climate variability and increased human unsustainable water projects led to significant shrinkage of the lake (Coe and Foley 2001).
This problem of drought and water shortage has a devastating implication on the natural resources of the LCB with great consequence on food security, poverty reduction and quality of life of the inhabitants (Babamaaji and Lee, 2013).
As much as the project was created to satisfy the economic need of the community, the problem created also requires economic intervention. Apart from the environmental issue that would have occurred, the social problem on the community cannot be overemphasized as made evident on their quality of life making this project unsustainable socially and economically.
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Figure 1: A collection of image map showing shrinkage of the lake (Source: Sierra Club 2015 report)


In Canada, Tar sands production, wastes and contaminates tremendous amounts of water. Every barrel of oil produced requires four barrels of water. In this process, water is pumped into toxic waste reservoirs large enough to be seen from space. This mega project which consists of network of refineries and pipelines is creating a catastrophic impact on human health. The mercury, lead and arsenic in tar sands waste threaten human health, even at small levels of exposure (Sierra, 2015). The economic driven motive of oil exploration created an unsustainable environment. This could cost the government lot of money to fix and in turn defeating the initial economic motive.
The major purpose of asset creation is to satisfy the economic need of the asset owner.
This vested interest in most cases is the major cause of the unsustainability problem we face in our built environment today. No designer in his right frame of mind would create a time bomb in a bid to create an asset. A review of all the cases aforementioned indicated an oversight in the design stage. The cost of exploring outside the system boundary is high but the long term cost of managing the consequences of not exploring is higher. For assets to be economically sustainable, it is crucial to identify the asset design that requires exploring outside the boundary before doing so, hence the need for risk management assessment.

Risk Management 
In the management of these risks, the system boundary must first and foremost be defined and the key potential risks outside this boundary must be identified, their potent impacts analyzed and eventually outlining the most appropriate procedures that can be applied in response to their occurrence in the design. Analysis of risks form a very basic component of management of such risks as it defines as well as dissolves them, whereas the risk management seeks to establish the solution to such shortcomings that may be caused. 

aPPROACH TO SYSTEM ANALYSIS
In an approach to analyze the asset and identify if there is need to carry out a very intensive theoretical and conceptual study. 
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Figure 2: Approach to system analysis (Source: Author’s own creation) 

RELATIONSHIP BETWEEN DESIGN, AMP AND AM COST
It is important to take advantage of the relationship existing between design and AMC to either reduce the construction cost or the AMC. In the initial design of the aforementioned cases, it was not envisaged that the asset would require retrofitting to be sustainable. On the cost side, it is advantageous to consider the AMP with the initial design to achieve the sustainability target rather than considering after design. This in most cases requires retrofitting of the asset to achieve the sustainability target which increases the construction cost which could sometimes be a costly retrofitting.
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Figure 3: Annotation showing the relationship between design, asset and AMP (Source: Author’s creation)

Figure 3 shows the relationship between design, asset and AMP. Y is the construction cost difference between the curve B and C. This difference occurred because AMP wasn't considered in the design phase resulting in an additional cost to achieve the same sustainability target.

Role of environmental impact assesment (eia)
According to the EIA classification all the aforementioned cases fall under SCHEDULE 1. This implies that EIA is required. The purpose of EIA as stated in paragraph: 002 Reference ID: 4-002-20140306 is to identify projects which is likely to have significant impact on the environment. However, literature review conducted across some case studies has indicated that failure still occur in some projects after EIA has been carried out. EIA identifies the impact or consequences of the proposed asset within the boundary of the proposed design whereas literature review showed the failure occurred outside the proposed design boundary.  
Role of construction design and management REgulations (cdm) 
The role of designer as stated in the CDM regulation manual 2015 No. 51, Part 3, and Regulation 9(CDM, 2015) are: 
To make sure identified health and safety risk is reduced to the possible minimum and where it is not possible to eliminate the risk the designer must try as much as possible to reduce the risk in the subsequent design and communicate the risk information to the contractor. 
In order to achieve the low carbon targets of cities such as London for both buildings and infrastructure, it will be necessary to up-skill existing designers and asset managers with knowledge at a detail level and across discipline and space boundaries to avoid the style of mistakes identified in the four case studies described. Using a BIM based model, incorporating photographic or 3D rendered representations as routine, and linked to a Knowledge based system (KBS) with design rules identifying concept clashes in the way current BIM identifies space clashes, we are investigating how to optimise a design and an AMP. 
To do this we are using SNAKE software to compute local parametric values of interest, and link to an open source database holding concept rules. The assembly is described in the block diagram as presented in Figure 4.
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Figure 4: Annotation showing the building block diagram for the snake eye (Source: Author’s creation)
The lessons learnt from asset history are feed into a knowledge based system (KBS). This KBS is filtered with a set of rules into Autodesk Revit via the application program interface (API). Currently there are over 150 add-on software applications that access the Revit platform building information model using API (Revit BIM, 2008). It identifies concept clash the same way Revit identify geometry clash. The API sits at the designers elbow and uses AM analytics to inform design rules, which pop up with cold bridge identified such as dissimilar metals identified warnings for a repetition of past mistakes from asset failure for the detail to be updated or designed afresh. This API creates a form of leadership for designers, a relationship through which one person influences the behaviour or actions of other people (Egbu, 2013). 
The analytics available at the moment lets us see the big data and what matters in a big system. It looks at failure rates but fails to close the cycle.
The snake eye is looking at the new build and major maintenance intervention as a seamless link and the necessary improvement. It fills the gap by closing the forensic cycle control loop at the BIM operator’s level. It creates meaningful engineering rules from the data. It is focusing on the low carbon objective and knowledge gap by improving the KBS-BIM interface.
The major challenge facing systems like this is the lack of rigorous validation and verification (V&V). Although there have been vast improvements in the field of V & V methodology, studies indicates that KBS industry still lacks rigorous validation methods (Batarseh & Gonzalez, 2015).
Most end users believe they are not novices and that they have more practical experience than systems like the SnakeEye that is not taken into account by knowledge engineers. As a consequence, end users preferred to consult other people or any other conventional help rather than rely on the Expert systems (Brezillon, 1997).
The authors will identify all possible implementation challenges and perceived weaknesses of the SnakeEye such as identified above and use a similar approach to system analysis shown in figure 2 to profound a solution.

Conclusions
The review conducted across a range of disciplines and international data base has indicated the need to assess assets at the design phase for failures that could occur outside the boundary and act accordingly. The scope of knowledge base required should be widened where required by considering the system dynamics of our ecosystem in relation to the design. This would meet the low carbon agenda as a result of longer design lives. 
The benefit of adopting this method is impressing as it does not only reduce the risk of catastrophic sustainability issue but also eliminates the need for additional construction cost or a high AMC.  
The comparison of these cases establishes the need for the question of the asset system boundary to be revisited by designers and the scope of the Asset Management Plan to be developed alongside the initial design brief in the same way that site safety issues are considered under CDM Regulations. These research observations have led us to commence the development of Snake based modules as add-ons to BIM packages to assist inexperienced designers upgrading existing assets or designing new ones from a sustainable viewpoint.
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