EU Project INTEREST HPV1-CT-2001-60024
INTEREST

INsurance, TEchnological Risk and Emerging Science and Technology policies

Final Report

January 2003

	Report prepared jointly by:


Policy Studies Institute

Geneva Association 

Gerling Sustainable Development Gmbh

Technopolis France

TEMA, Linköping University

Policy Studies Institute

100 Park Village East

London NW1 3SR

www.psi.org.uk
	[image: image3.wmf]Technical choice

Social choice

Collingridge’s dilemma as a way to express irreversibility of

technological trajectories: the number of technical options

decreases whilst the will to have “social” influence on that

development increases




CONTENTS

Contents
i

List of authors
iii

Summary
iv

1. Introduction
1

2. Underlying Concepts

2.1 Overview
5

2.2 The Insurability of Risk
5

2.3 Innovation
10

2.4 Sustainable Development
14

3. The Past Role of Insurance

3.1 Introduction
18

3.2 The State setting the legal framework: forbidding insurance
18

3.3 The State setting the legal framework: mandating insurance
19

3.4 The State taking on risks
20

3.5 Insurability and technology choice
21

3.6 Loss prevention: corporate and State action
22
4. The Case Study Approach
24

5. Liability, Insurance and Contested Technologies
27

5.1 Case Study 1: Genetically Modified Crops
27

5.2 Case Study 2: Xenotransplantation
31

5.3 Case Study 3: Nuclear power
36

6. Insurance mechanisms and sustainable innovation

6.1 Case Study 4: The Nymphea project
42

7. Innovative responses to Natural Hazards

7.1 Case Study 5: Flood Risks
47

8. Case study conclusions
52

8.1 Overview
52

8.2 Sharing private/public sector responsibilities
52

8.3 Wider use of insurance mechanisms
53

8.4 Using a wider set of tools in the insurance sector
53

9. Implications of the Research 
55

9.1 Policy Implications
55

9.2 Implications for the Insurance Sector
59

9.3 Research Implications
63

References
67

LIST OF TABLES

Table 1: Case Study Criteria
25

Table 2: Case Study Coverage
25

Table 3: Classification of Nuclear Incidents
37

Table 4: Mechanisms for Insurance and Technological Risk
58

Table 5: Insurability Criteria and Risks from Innovation
64
LIST OF FIGURES

Figure 1: Insurability of Risk 
6


Figure 2: The risk transfer network
8


Figure 3: Spectrum of Financing of Catastrophic
9

Figure 4: The Collingridge Dilemma
12

LIST OF AUTHORS
Kristina Dahlström, Policy Studies Institute

Bas de Laat, Technopolis France

Gerry Dickinson, City University Business School

Andrew Dlugolecki, Andlug Consulting

Malcolm Eames, Policy Studies Institute

Magnus Gullstrand, TEMA Linköping University

Simon Joss, Centre for the Study of Democracy

Dirk Kohler, Gerling Sustainable Development GMbh

Ulrik Lohm, TEMA Linköping University

Jean Michel Ribouleau, Gerling Sustainable Development GMbh

Jim Skea, Policy Studies Institute

Walter Stahel, Geneva Association for the Study of Insurance Economics

Uno Svedin, TEMA Linköping University

SUMMARY

The INTEREST project

1. The INTEREST (INsurance, TEchnological Risk and Emerging Science and Technology policies) project, funded under the EU 5th Framework STRATA programme (STRATegic Analysis of specific political issues), addressed the role which the insurance sector and insurance-based mechanisms can play in relation to innovation which promotes, or challenges, sustainable development. 

2. The project was based on the premise that new technological frontiers and sustainable development together will place new demands on the insurance sector, and that the insurance sector and insurance-based mechanisms may have a greater role to play in managing the risks associated with innovation. This could be achieved either by shifting the boundaries between private and public sector management of risks, or by developing new innovative arrangements in which insurance and regulatory mechanisms play complementary and perhaps synergistic roles. 

3. The work, which was of an exploratory nature, was carried out between 1 September 2001 and 30 November 2002, primarily through a series of structured workshop activities involving science and technology policymakers; the insurance sector; industry more generally; sustainable development policymakers; and members of the scientific community concerned with risk management and technology assessment. 

4. To ground the discussions in reality, five case studies were conducted, all of which had significant technological innovation/sustainable development dimensions. These covered: genetically modified crops; xenotransplantation; nuclear power; the encouragement of innovation in the tapping of submarine freshwater springs; and the management of risks associated with flooding.

Underpinning concepts

5. In exploring the case studies, and in the subsequent discussions, the project was concerned with the interplay between three sets of key concepts: the insurability of risk; the management of technological innovation; and the pursuit of sustainable development.

The insurability of risk

6. The core business of insurance companies is to provide financial indemnity for losses arising from a defined set of causes. There are constraints on the types of risks that can be insured and on the magnitude of risks that can be transferred to insurance markets. Attempts have been made to formalise criteria for the insurability of risk, with key considerations being the expected frequency and severity of losses; the maximum total loss; the degree of moral hazard and adverse selection; etc. In general, low frequency/high severity events, such as nuclear power incidents, are not insurable, whereas high frequency/low severity events, such as motoring accidents, represent ideal risks for insurers. 

7. However, insurance practitioners do not take decisions to insure any particular risk on theoretical grounds, but in the light of practical experience and commercial considerations. The willingness and capacity of insurers to provide insurance, and therefore the boundary between insurable and uninsurable risks, is influenced and determined not only by formal insurability criteria but also to a very large extent by the socio-economic context in which the insurers operate. Of particular importance are: regulatory and legal limitations; pricing issues; the demand for insurance in the marketplace; and the capacity of insurers to provide sufficient risk transfer.

Technological Innovation

8. The project made use of a number of insights gained from innovation studies:

· innovation is not a linear process from science to market, but an interactive process involving a multitude of actors, such as developers, users, financiers, and regulators. 

· innovations is a socio-technological process, with technologies implicitly or explicitly defining the social environment in which they are able to function. 

· innovations are path-dependent, that is, they tend to become locked-in to certain paths of development (e.g. the establishment of the ‘QWERTY’ keyboard as a standard in spite of the existence of superior configurations). There is a clear benefit in identifying those areas where there may be an early closure of socio-technological choices, in order to avoid irreversibilities. 

· innovation processes tend to be characterised by uncertainty rather than quantifiable risk. Insurers dealing with innovation may be confronted by controversies around the possible negative effects of the technological developments, or controversies about the consequences of such effects.

9. Technological innovations are frequently portrayed as not amenable to traditional insurance mechanisms due to the lack of actuarial data from which premiums can be calculated. The role of insurers is normally limited to the more ‘downstream’ stages of innovation (demonstration, diffusion, adoption). In order to intervene earlier in the innovation process, insurers would need to obtain a better understanding of the relevant technologies and the effects of their deployment. The project demonstrated that insurers would be prepared to consider the risks associated with events for which there is no prior experience, as long as there are credible methods for characterising and quantifying risk. 

Sustainable Development

10. The pursuit of sustainable development must involve the simultaneous consideration of economic, social and environmental factors, as well as addressing issues of scale, futurity and equality. Specific issues of concern for the INTEREST project were the systemic consideration of sustainable development issues such as societal resilience and vulnerability; the impacts of globalisation on the reality of people’s lives at the local level, including such things as the implications of global climate change for regional and local flooding patterns; and the need for an interdisciplinary perspective when analysing and responding to these and other sustainable development concerns. 
11. It is in the self-interest of insurers to minimise losses and to maximise human safety. This concern with loss-prevention makes the principle of sustainable development relevant for the insurance sector. There are potential links between the precautionary principle and insurance mechanisms. However, the political nature of many emerging risks may constrain the use of insurance mechanisms for the management of risks that require the precautionary principle to be invoked.

Implications of the research for policy, insurance and research

12. The project identified three distinct roles for insurance in relation to sustainable innovation. These are:

· underpinning the development and deployment of technologies which manifestly promote sustainability by helping to manage technological risks and to provide a more secure financial framework for innovation. The case study on the tapping of submarine  freshwater springs illustrates this role.

· regulating the rate and direction of innovation associated with radical technologies which have potential impacts on the environment or third parties and whose sustainability is contested. The case studies on GM crops, xenotransplantation and nuclear power illustrate this possible role.

· promoting innovative solutions for managing the risks associated with natural hazards such as flood risks.

Policy implications

13. The project made clear that the appropriate role for insurance is case-dependent and is conditioned by legal, political and economic factors which will vary from one country to another. Therefore, no universal prescriptions are proposed. Instead, the project suggested: a) means by which policy-makers can identify circumstances in which the role of insurance-related mechanisms should be considered; and b) pointers as to how insurance-related measures, and associated policy mechanisms, might be used to pursue specific policy goals. 

14. Policy options are available which could have the effect of

· encouraging precautionary patterns of behaviour on the part of technology developers;

· encouraging responsible behaviour on the part of technology developers within the constraints of existing law and current scientific knowledge;

· actively encouraging innovation by assigning risk to third parties

· encouraging insurance companies into the “risk market”; and

· promoting social equity.

15. To a large extent these aims can pursued by defining the liability regimes within which technology developers operate. There will inevitably be conflicts between the different policy goals, and trade-offs will have to be made. Ultimately, the role that the State will assign to the insurance industry will depend on higher-level political considerations, taking into account not only the level of risk but also its distribution across different groups in society. 

Implications for the insurance sector

16. For the insurance sector, key areas where action could be taken to further the sustainability agenda were identified. A common theme running through the majority of these was the need for more collaborative arrangements between the insurance sector and other stakeholders. However, the difficulty of engaging the insurance sector in such initiatives may mean that the onus for creating such arrangements should be placed on other actors, notably the State. 

17. Specific areas of action examined by the project included: the disconnection between the investment and underwriting activities of the industry; the adoption of the corporate social responsibility agenda; participation in sustainable development fora; foresight activities; and involvement in the ‘upstream’ phases of innovation. The engagement of the insurance sector could promote the development and uptake of sustainable innovation, by helping to manage technological risks and providing developers with a more secure financial framework. In order to fulfil this role, there may be a need for the sector to enhance skills and competences.

Research priorities

18. Five research priorities for further exploration of insurance-innovation-sustainability issues were identified. 

· the nature of technological innovation demands a shift in focus from risk assessment to uncertainty assessment, with an accompanying change in emphasis from prevention to precaution. This should be accompanied by more appropriate procedures for debating and managing contested and uncertain effects than the prescribed methods and regulations of risk prevention. 

· the boundaries of insurability, particularly the delimitations of entrepreneurial risk, need to be further explored to facilitate the expansion of the insurance sector into new markets of the sort identified by the project. 

· the need for a long-term perspective is essential. This means not only looking back in time at historical records, but also refining methods of foresight and horizon scanning. 

· technological innovations assume certain patterns of future behaviour, or socio-technological scripts. More research on human responses to risks and new technologies could improve the accuracy of such scripts. 

· Finally, empirical research on the way insurance – specifically its availability or not – has influenced technological choices and directions would be useful, to help identify different types of socio-economic incentives for sustainability.

1. INTRODUCTION

1.1 Project Aims

This report describes activities and conclusions associated with the INTEREST Project which addressed the role which the insurance sector and insurance-based mechanisms can play in relation to innovation which promotes, or challenges, sustainable development. The INTEREST Project took the form of an Accompanying Measure under the EU 5th Framework STRATA Programme (STRATegic Analysis of specific political issues). The work was conducted between 1 September 2001 and 30 November 2002. The project consortium included representatives from academia, the insurance sector and the technology consultancy sector. The following organisations were members of the consortium: the Policy Studies Institute (UK); Technopolis France; the Geneva Association for the Study of Insurance Economics (Switzerland); Gerling Sustainable Development GMbh (Germany); and the University of Linköping (Sweden). Assistance was provided by Andlug Consulting.

The objectives of the project were:

· to identify the past and present role of ‘insurance’ in relation to innovation which promotes, or challenges, sustainable development.

· to identify opportunities for promoting sustainable development through innovation by adjusting or sharing the responsibilities of private sector actors, regulators and policymakers.

· to establish how sustainable development innovation can be promoted using risk management mechanisms from insurance, such as risk assessment, loss prevention etc., in other domains.

· to establish how and to what extent sustainable development innovation can be promoted by the insurance sector using a wider set of tools, such as technology assessment,  to improve its capacity to manage novel risks.

· to explore policy options for the complementary use of insurance-related and other risk management mechanisms.

1.2 The Wider Context 

Both the public and the private sectors have responsibilities for managing the risks associated with new technologies, the social and environmental externalities (positive and negative), and third party liabilities. These responsibilities must be viewed within the broader framework of sustainable development in which a balance is sought between economic, social and environmental goals, and in which the benefits of development are shared equitably across generations and among different groups within generations. When innovation has unforeseen consequences, it can impose costs which are not borne by those who appropriate the economic benefits.

The insurance sector plays a key role in managing technological risk. By pooling risks, the insurance sector has, over a long period of history, facilitated the development and diffusion of new technologies in diverse fields including shipping, railways, pressure vessels and construction. Mandatory insurance requirements have helped to mitigate some of the negative consequences of technological innovation by forcing economic agents to take account of risk and liabilities in their decision-making. 

The new frontiers of technological innovation, for example in biotechnology and the life-sciences, and in information and communication technologies, pose a novel set of challenges for both the insurance sector and public policymakers. The risks associated with innovations such as genetically modified crops may be driven by the public’s perception of risk rather than formal risk assessment conducted by regulators or industry

At the same time, the pursuit of sustainable development highlights the need for new and effective mechanisms to manage the risks associated with large-scale problems such as climate change. Sustainable development is also inducing a paradigm shift away from nature conservation and the reduction of toxic releases (‘environmental protection’) towards the preventative philosophy of ‘eco-efficiency’. Technological innovation is the key to improving resource productivity, and is thus one of the keys to sustainable development. Higher resource productivity will improve both the economic and the ecological performance of economic actors. Delaying innovation in resource productivity means a loss of competitivity in international markets and there is therefore a need for new mechanisms to reduce the risk of this type of innovation as experienced by individual economic agents.

The INTEREST project was therefore based on two hypotheses: 

· that the new technological frontiers and sustainable development together will place new demands on the insurance sector; and 

· that the insurance sector and insurance-based mechanisms may have a greater role to play in managing the risks associated with innovation, either by shifting the boundaries between private sector and public sector management of risk, or by developing new innovative arrangements in which insurance and regulatory mechanisms play complementary and perhaps synergistic roles. 
The project has been concerned with the interplay between three sets of issues: the insurability of risk; the management of innovation; and the pursuit of sustainable development.

1.3 The INTEREST Work Programme

The project was exploratory in nature and its objectives were pursued through a series of structured workshop activities involving actors from the key sectors concerned: science and technology policymakers; the insurance sector; industry more generally; sustainable development policymakers; and members of the scientific community concerned with risk management and technology assessment. The workshops were led by the consortium members. The workshops also made use of input from independent experts who were commissioned to prepare either position papers on specific topics or case studies on specific topics. 

Extensive use was made of case studies in order to ground in reality the discussions about insurability, risk management and policy innovation. As described in Section 4, five case studies were conducted, some of which were highly topical, and all of which had significant technological innovation/sustainable development dimensions. These covered: genetically modified crops; xenotransplantation; nuclear power; the encouragement of innovation in the tapping of submarine freshwater springs; and the management of risks associated with flooding.  The case studies were not in themselves wide-ranging studies of the topics at stake, but rather focused issue papers targeting the role of insurance and other risk management mechanisms.

The project included three main workshops. The first, in London in February 2002, addressed insurance and regulatory approaches to risk at a broader level. This workshop introduced the GM crops and submarine springs case studies. The second, in Paris in June 2002, covered innovation processes and insurance thinking, moving to a more technical level to consider the wider use of specific insurance-based tools and mechanisms and the possible adoption by the insurance sector of a wider set of risk management tools. The final workshop took place in Brussels in September 2002. It placed the findings of the previous workshops firmly in their policy context and began to consider the development of policy options for promoting sustainable development through technological innovation using insurance-related and other risk management mechanisms.

The project also benefited from the consortium’s participation in the Geneva Association MORE (Management of Risks in Engineering) Seminar in Venice in October 2001. This seminar provided a valuable opportunity to build early links with the European insurance sector and to test out initial ideas with an expert audience.

1.4 Structure of the Report

This report describes the findings from the INTEREST project. Rather than covering the workshop activity sequentially (separate workshop reports were three other deliverables from the project), the report attempts to synthesise the overall project conclusions while setting out both the conceptual underpinnings of the work and the empirical evidence from the case studies.

The report begins (Section 2) by setting out the three conceptual pillars upon which the work is based, i.e. the insurability of risk, innovation, and sustainable development. This section draws heavily on the first workshop but also covers much of the refinement which took place at later dates. Section 3 deals with the ways in which insurance has, in the past, affected innovation with sustainable development implications. The examples given emerged in all three workshops but were drawn together systematically only in workshop 3. 

Sections 4-7 cover the case studies which formed significant inputs to each of the workshops. Section 4 describes the framework for developing the case studies and the criteria for selection. It highlights the fact that there appears to be a significant interplay between insurance, innovation and sustainability under three distinct circumstances. 

Section 5 includes three case studies describing examples where novel technologies hold, or have held, potential risks for third parties, creating wide public debate. The insurability of risks associated with GM crops  for example is currently being debated in the context of the Draft Directive on Environmental Liability. Section 6 looks at a case study where insurance mechanisms can be used to manage the technological risks associated with an innovation which has manifest sustainability benefits. Finally, Section 7 considers how insurance can be used to shape innovation and the management of risks associated with natural hazards through loss prevention activities. 

Section 8 reports broad findings from the project relating to each of the objectives set out in section 1.1 above. It cautions however that the precise role of insurance depends very much on individual cases, and that the legal, political and economic culture in a country may often affect the outcome. It is argued that it would be more fruitful to use the findings of the project to provide a checklist to establish the potential role of insurance in any given circumstance and indicators as to the role it might be expected to play. This task is undertaken in Section 9 which covers, separately, implications for policymakers, implications for the insurance sector and implications for the research community. This final section includes some ideas for follow-up research activity.


2. UNDERLYING CONCEPTS
2.1 Overview

The INTEREST project is based on three conceptual pillars: the insurability of risk; technological innovation; and sustainable development. This section highlights key conclusions from INTEREST workshops regarding the three concepts. We focus first on the primary concept, the insurability of risk. The two following sections then address innovation and sustainable development. These identify various points of intersection between insurability on the one hand and innovation and sustainable development on the other. The sustainable development section also includes a discussion of the relationship between insurability and the precautionary principle.

2.2 The Insurability of Risk

2.2.1 Introduction
Insurance works because it can spread similar risks over time and/or over several geographical regions. It is a legal contract whereby an approved party, the insurer, in return for a payment, undertakes to pay another party, the insured, a sum of money (or an equivalent in kind) upon the occurrence of a specified event(s) which causes a financial loss to the insured. Insurance contracts provide financial indemnification for losses arising from a defined set of causes, mainly from acts of nature, from human error and malfeasance and from other accidental causes. As a general guide, pure risks are insurable, entrepreneurial risks are not.
Providing these contracts of financial indemnity is the core business of insurance companies. However, it is in their self-interest to help minimize the loss of physical assets and damage to the environment and to maximize human safety. As discussed in Section 2.4.3, 
this interest in “loss prevention” makes the principle of sustainable development relevant to the insurance sector. Nevertheless, the insurance sector must operate in partnership with others, e.g. government and other sectors.

Insurance markets have often been based on “mutuality”. Companies operating in the same sector often share risks. Mutual companies are in a position to cross-subsidise between different types of consumer, when providing life insurance for example, in a way that companies operating on a strictly commercial rationale cannot.

There are clear constraints on the types of risks that can be insured and on the magnitude of risks that can be transferred to insurance markets. A key consideration is the expected severity and frequency of losses, though other economic and political factors are also of great importance. Figure 1 shows the borderline between insurable and uninsurable risks, based on frequency and severity of losses. In general, low frequency/high severity events, such as nuclear power incidents, are not insurable while high frequency/low severity events, such as car accidents, are ideal cases for insurance.

Figure 1: Insurability of Risk

[image: image1.jpg]Policy Studies Institute




	
	
	
	
	Nuclear power

Terrorism

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Car Ins.

Life Ins.
	
	
	
	


High


Frequency



       Low

Attempts have been made to formalise criteria for the insurability of risks. The most important ones (Berliner, 1982) are:

· the probability of events occurring;

· the maximum total loss associated with an event;

· the average total loss associated with an event;

· the average time span between two events;

· the level of insurance premium required;

· the degree to which insured parties can manipulate the risk (moral hazard);

· the degree to which parties subject to greater degrees of risk are more likely to seek insurance (adverse selection);

· legal limitations; and

· insurance cover limitations (liability limits, deductibles etc.).

However, insurance practitioners would emphasise that decisions to insure a particular risk are not taken on theoretical grounds, but in the light of practical experience and commercial considerations. The willingness and capacity of insurers to provide insurance is constrained by: a) regulatory and legal limitations; b) pricing issues; c) demand for insurance in the marketplace; and d) the capacity to provide sufficient risk transfer.
2.2.2 Regulatory and Legal Limitations
Insurance legislation varies from one country to another. Legislation will specify what an insurance company can supply under its licence. Hence, what is meant by insurance in any particular country is effectively determined by the State through the legal system. New insurance products may be restricted because they fall outside the list of permitted insurances. Certain types of insurance, for example flood insurance in the Netherlands, may be deemed to be against the public interest. EU Directives in the mid-1990s unified the list of types of insurance that can be supplied. However, certain new methods of securitisation are not on that list.

In addition, insurance contracts must be legally enforceable. This usually requires that: 

· the insured party suffers a financial loss (the principle of insurable interest); and 

· the insured party does not profit if the agreed event(s) causing the loss occurs (the principle of indemnity). 

2.2.3 Pricing insurance

Insurance companies must be able to price their products in an economically sustainable way. There are certain classic criteria for determining whether or not a price can be established and the risk rendered insurable. These reflect the theoretical criteria listed in section 2.2.1.

First, the events causing or triggering insured losses must be sufficiently well-defined. Second, an insurer must have information to be able to estimate with a sufficient degree of accuracy the likelihood and severity of losses from the insured events. This also presupposes that there is no significant adverse selection by potential insured parties, i.e. that those most likely to suffer losses do not disproportionately seek insurance. Third, the existence of insurance protection should not cause the behaviour of insured parties to change the frequency and severity of insured loss in an unpredictable way. In other words, moral hazard should not reach unacceptable levels. 

Since private insurance companies mainly operate in competitive markets, they must charge prices that reflect their expected costs, which include both payments in respect of losses and other administrative costs. If the supply of insurance is to be sustainable over time, there cannot be too much cross-subsidisation between different types of consumer. If companies charge consumers prices that are higher than the cost of indemnifying losses, consumers will switch to another insurance company. If companies charge prices that are too low, they will be unprofitable.
2.2.4 Demand for insurance in the marketplace

The demand for insurance is as important as the willingness and capacity of the industry to supply insurance. If prices are set too high (e.g. due to an annual occurrence of losses), this will make insurance unaffordable or, more commonly, consumers will perceive it to be unaffordable. 

There are also key policy issues associated with natural catastrophes such as floods, earthquakes and windstorms. These events tend to impact more on certain individuals/ organisations than others. If insurance companies charge fair prices in competitive markets, it means that those most affected will face high, and possibly unaffordable, prices. T his is an issue of cross-subsidisation. The industry believes that only the government can effectively provide a compensating subsidy. This can be seen as falling within the remit of government’s wider social and economic policies, especially policies on the redistribution of income and wealth.

2.2.5 
Capacity to Provide Sufficient Risk Transfer
The capacity of the industry to provide risk transfer can be defined as the financial resources of the insurance market in relation to the scale of potential losses. Insurance/reinsurance markets have the capacity to absorb only a limited number of catastrophic losses over a short to medium time period. The financial resources of the insurance market fall into three categories: a) the capital and reserves held by insurance companies and their new capital raising capability; b) part of the short-term cash flow from new business, since the insurance company must be viewed as a ‘going-concern’ and c) the capital and reserves held by the global reinsurance network and its capital raising capability. Insurance companies need to be “going concerns” and the importance of the short-term cash flow factor is illustrated by the fact that, after a very large loss, insurance prices tend to rise.

Figure 2 maps the risk transfer network associated with the insurance industry. Individuals, organisations and governments may place insurance contracts with direct insurance companies who in turn can transfer risk through reinsurance contracts. In effect insurers access the capital of reinsurers when they purchase reinsurance. Each of these groups may establish derivative contracts with investment banks and the financial markets in order to hedge financial risks. Both insurers and reinsurers may securitise their risks by placing them directly onto global capital markets. 

Figure 2: The risk transfer network
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The insurance industry’s free reserves are of the order of $150 billion, three times the level of claims arising from the September 11 attacks. In all, the capital and free reserves of the global non-life insurance and reinsurance industry are currently about $550 billion. Risk securitisation of insurable risks on to global capital markets can provide greater capacity. The size of global capital markets (equity and bond markets) is about $50 trillion and so a daily fluctuation of 1% in their value is $500 billion. This is much larger than most conceivable insurable losses. 

Until 2001, there was agreement in insurance that the biggest risk, the first $100m loss, would be an earthquake in Tokyo or a similar event. September 11 shows that the largest risks may come from people rather than nature. It is no longer enough to consider the maximum possible risk but rather the maximum possible imaginable risk. If a hijacked aircraft were to crash into a nuclear power station then losses would be at a level that no-one in the electricity sector has ever even calculated.
The capacity of the insurance industry also depends on the efficiency of its risk management support, since the scale of potential losses depends on preventative action. This includes: a) the efficiency of loss prevention and safety management support provided ex ante by insurance companies and others; and b) the efficiency of its post loss event activities, e.g. early remedial action and support, and a speedy, flexible approach to claims. 

2.2.6 Absorbing Risk

Figure 3 shows how the risk transfer market tends to handle the spectrum of risks defined in terms of frequency and severity. Most people and organisations would tend to self-insure low frequency/low severity events when they have the financial capacity to absorb losses. Higher frequency, low-medium severity risks tend to be covered by national insurance and reinsurance markets. Higher severity risks will be covered by global insurance markets and national or regional reinsurance pools. The highest severity risks must be securitised on to global capital markets or may be covered by government finance or guarantees. 

Figure 3: Spectrum of Financing of Catastrophic Risk Exposures











Though global capital markets have more potential capacity to absorb risk than any national government, the State still has a role to play. State guarantees can be conditioned by economic and political trade-offs. Governments can be more flexible since they can take into account the broader public interest and can have a longer time perspective. There is more scope for cross-subsidy and a higher level of moral hazard can be accepted. For particular causes of loss, such as terrorism, and indeed war, governments should arguably play a larger role, since they are in a better position to prevent or reduce these risks than the private sector. Finally, it has to be said that the global capital markets have been very slow to take any interest in accepting insurable risks through securitised instruments.
2.3 Innovation

2.3.1 Introduction

This section presents four major conclusions from innovation studies that are relevant to the INTEREST project. First, innovation is not a linear process from science to market. On the contrary, it consists of the gradual establishment of links between actors. Second, innovation processes are simultaneously social and technological. Third, innovations are path-dependent and can quickly become (quasi-) irreversible. Finally, innovation processes tend to be characterised by uncertainty rather than quantifiable risk.

2.3.2 Innovation as an interactive process

Innovation has long been described as a stepwise process from science to the market. Schumpeter (1934) was the first to analyse technological innovation processes more thoroughly and to conceptualise technological innovation in stages of invention, innovation and diffusion. During invention, new ideas (sketches, models) are generated. In this phase of the innovation process, some of those inventions can be picked up by firms and brought onto the market. Finally, the diffusion phase consists of imitations of the original ‘prototype’ adopted by a larger and larger number of adopters. The reason for a technology not being adopted, even when profitable, would lie in the conservatism of the group of potential adopters. This linear process was driven by a mixture of science-push and demand-pull.

However, empirical studies show that innovations do not follow such a sequence. Rather, the objects developed and elaborated by actors describe a whirlwind pattern. Products, whether they are consumer products or scientific articles, are developed and tested, maybe normalised, but will also encounter resistance, be reshuffled, redefined, retested and so on. They can go from science to market, but they may also find their origin in a certain demand. In other words, scientists sometimes play a dominant role, but as Von Hippel (1988) showed, users can also be important in this process. Finally, invention can even take place in what normally is called the ‘diffusion’ stage (Bijker 1992). No one general factor, no one single social group can solely be held responsible for the development of an innovation.

Innovation studies suggest that innovation is not a process whereby actors (laboratories, firms, users…) intervene sequentially, but one during which durable links are bit by bit created between these various players.

2.3.3 Innovation as socio-technological process

The second insight derived from innovation studies concerns the relation between the technological and the social. The construction of technological systems was until recently the privileged domain of the technologist, the scientist or the engineer. The social world and within that the study of interactions between human beings was the realm of the sociologist, the behavioural psychologist or other students of human behaviour. Micro-studies of innovation have however shown that the social and the technological are intimately linked: technology is shaped by human beings – thus within social groups – but, once shaped, technology implicitly or explicitly defines the social environment in which it is able to function: a group of researchers can work with the most sophisticated scientific methods on the technical performance of a lithium battery for the electric vehicle, but it also implicitly makes the hypothesis that a world can be built in which the vehicle that will incorporate their battery will be able to run.

Many authors have demonstrated that the social and technical are shaped in one movement: whether we look at bicycles or bakelite at the beginning of this century, a gasifier in a developing country or high-tech subway and aircraft projects,
 in all cases we see that the social and the technical are shaped together. Technologies are shaped by collective social action, simultaneously shaping the politics, the users, and the infrastructure associated with them (Callon, 1987). And once established, technologies act in themselves (Latour 1994). Hence, a technical object does not only reflect social relationships (Bijker, 1995) but also “…transcribes and displaces the contradictory interests of people and things…” (Latour, 1992). Therefore, innovation – as a process as well as in terms of its outcomes – is a socio-technological assembly in which multiple heterogeneous actors play a role.

For the purpose of our enquiry it means that research priorities and technological options are always connected to certain configurations of actors – those through which they are constructed as well as those which are projected onto the future. Put another way, every technological choice implies or presupposes a social configuration, and vice-versa.

2.3.4 Technological lock-in

The third implication of innovation studies for insurance thinking stems mainly from the work of economists of technological change and their observation that innovations are path-dependent and tend to become locked-in to certain paths of development. Authors such as Dosi, Nelson and Winter characterise innovations as moving along trajectories, creating technological paradigms within which patterns of innovation become relatively fixed over long periods of time.
 These paradigms are built up incrementally, resulting in the end in shared frameworks. David, for example, showed how the QWERTY keyboard became established as standard as a result of interactions between technology, workplace skills and social change. Technological trajectories are often far from ‘rational’ or ‘optimal’, as they depend heavily on initial choices, eventually becoming (quasi-) irreversible.

It is argued that the stabilisation of technological trajectories occurs in the early stages, reinforcing a particular development trajectory and excluding others. This may pass unnoticed, and becomes appreciated once the trajectory is indeed stabilised. This has already been pointed out in the so-called “Collingridge” dilemma (Figure 4) which states that, for a given innovation, in the course of time it becomes more difficult to influence technical development whereas at the same time it becomes more visible and open to social influence. 

Small but critical events appear important in any type of technical development, whether this is within research programmes (Rip 1995), in the case of products competing for a market share (Arthur 1989) or for technological systems (Cowan 1990). Hence the third consequence of innovation studies for insurance thinking is the need to identify those areas where there may be early closure of socio-technological choices. Methods such as regression analyses, logistic – ‘S’ – curves, envelope curves, or other types of extrapolation can be used to describe technological trajectories. But they will have predictive power only after irreversibilities have been created.

Figure 4: The Collingridge Dilemma

2.3.5 Risk and Uncertainty

Insurance is based on an assessment of the risk to which a certain event may give rise. If one wants to insure risk associated with the potential consequences of a given technological innovation, one should be able to measure and calculate that risk. In practice, this means that for any given technological option one should be able to calculate the probability of occurrence of all its potential negative effects, i.e. those that would potentially involve a loss for the insurer. But it is very difficult to achieve this in practice. The example of mobile phones illustrates two main reasons why it is difficult for insurance to deal with innovation. 

In addition, risk represents only one side of the equation. On the other side are the benefits that come from undertaking certain activities. Under some circumstances, large risks can be consciously undertaken with a certain degree of control on behalf of the person or body carrying the risk, for example in dangerous sports or the construction of major dams.

The risk-benefit equation is illustrated by the example of the mobile phone. Twenty-five years ago it would have been difficult to imagine that one out of two European citizens would have a mobile phone and the impact that this would have on our daily lives. It would have been even more difficult to imagine that, as a result of microwave radiation, a mobile phone could cause the part of the brain within two centimetres of the ear to increase in temperature by up to 2(C. Nobody really knows what the effects on brain tissue will be, and whether any sustained brain damage may result. There is scientific controversy about the real consequences, although telephone operators have started to anticipate problems and even launch “mobile phone and health” programmes.

This example shows that, in dealing with innovation, the insurer may be confronted with two interrelated problems involving controversies around possible negative health and environmental effects of new technological developments. The first is that in order to imagine potential effects, one needs to think about the possible future states of the world in which the innovation will be deployed. What part of the population will use the mobile phone? For what purposes? How will this change behaviour? At the early stages, when the innovation exists only on paper, imagining such future worlds is a difficult job, and few effective tools are available.

The second problem is that, even if the technology matures and is adopted, and even if at a given moment a physical effect is objectively established, scientific controversy about the consequences of such effects will unavoidably arise. For example, even if one can objectively measure the temperature increase in the brain associated with mobile phone use, the long-term consequences remain highly controversial.

Callon et al. (2001) have pointed out that risk is a well-identified danger associated with an event or series of events which can be perfectly described. One does not know whether a specific event will occur, but we know what might happen and the probability of the outcome. However, where technological innovation has potential negative effects surrounded by scientific controversy, one is no longer confronted by risk but by uncertainty. According to Callon et al, uncertainty means that “you know that you don’t know something, but that is about all you know”. Uncertainty occurs when science is not capable of describing all possible worlds. This is where the precautionary principle may need to be invoked, as discussed in Section 2.4.3.

The insurance industry’s approach to risk will be to intervene once a technological innovation has stabilised, scientific controversies have reached closure and uncertainties have turned into quantifiable risks. Insurers will continue measuring phenomena as they occur in order to refine risk calculations. In order to intervene earlier in the innovation process, and certainly at the stage before technological lock-in occurs, insurers would need to obtain a more fundamental understanding of the technologies involved, and the consequences associated with their deployment. Whether insurers can intervene more upstream in the process of technological innovation and scientific controversy is a question addressed further in Section 9.2.


2.4 Sustainable Development

2.4.1 Introduction

The classic Brundtland definition of sustainable development endorsed at the Rio Summit is “development that meets the needs of the present without compromising the ability of future generations to meet their own needs”. This formulation firmly establishes the principle that the pursuit of sustainable development must involve the simultaneous consideration of economic, social and environmental 
factors. These social, economic and environmental dimensions must reinforce each other. In addition, sustainable development must inevitably address important questions of scale. The concept of futurity is vital and it is necessary to take a long-term perspective. Equally, sustainable development can only be seen from a global perspective, acknowledging however that linkages between a global view and the local realities of citizens are vital. 

Significant progress towards sustainable development has been made since the Rio summit.

Nevertheless, much remains to be done. Specifically, there has been: insufficient integration of different policy domains; insufficient integration of different knowledge domains; insufficient connection between the different scales at which sustainable development operates, i.e. the global, regional and local; imperfect articulation of the science-policy interface; and insufficient transfer of resources between North and South. The first three issues are of direct concern for the INTEREST project.

Integration Issues

There are three major integration issues. First, there is a continuing need to integrate sustainable development into sectoral policies such as energy, transport and agriculture. Second, more progress needs to be made in bringing different scientific perspectives, e.g. bringing natural science and engineering together with social science and the humanities. Finally, there is a fundamental need to consider systemic sustainable development issues such as societal resilience and vulnerability. These issues were pertinent in relation to challenges such as climate change prior to September 11, but are even more pressing now.

Global-local connections

Here again the needs are both scientific and political. We need to understand better how globalisation impacts on the reality of people’s lives at the local level. We also need to gain an understanding of the regional dimensions of global environmental syndromes such as climate change. For example, what are the implications of global climate change for patterns of flooding at the regional and local levels? In responding to these challenges we must also come to grip with the challenge of multi-layered governance. Institutions operate at different levels – global, EU, national and local. They are connected by complex power relationships which need to be better understood. Finally, in a globalised world mediated by market relations we need to understand how individual lifestyles evolve and are negotiated.

Science-Policy Relations

The critical need here is to understand differences in logic and perspective between scientists and policymakers. They need to work together to define common challenges and tasks and to build wider social needs into the research process. The EU is making some progress in this respect by engaging policymakers in the definition and evaluation of research programmes and proposals. This is a tangible illustration of how to meet the need to find practical means and institutional forms to move forwards.

2.4.2 Pursuing Sustainable Development in the EU 

The EU’s Sustainable Development Strategy was adopted at the Gothenburg Council in June 2001. It sets out a clear agenda for grappling with the remaining sustainable development issues identified above. The key features of the programme are that it: a) will act as a catalyst for both policymakers and public opinion; b) aims to provide clear and stable long-term objectives providing a framework within which different actors can operate effectively together; and c) focuses on a small number of sustainable development challenges which pose severe or irreversible threats to society.

To make sustainable development happen, there is a need to improve policy coherence. Specifically, this means carefully assessing the full effects of every policy proposal including estimates of the economic, environmental and social impacts. The groups who will bear the burden of new measures must be identified so that adaptive measures can be initiated. Better information is needed to underpin policy-making. However, following the precautionary principle (see 2.4.3), lack of knowledge cannot be used to justify inaction.

It is vital to get the prices right so that both individuals and businesses have the incentives to change behaviour and invest in technologies, products and services that will fulfil social needs while reducing environmental pressures. One element of “getting the price right” might be pricing risk appropriately. Here the insurance sector has a potentially important role to play.

Investment in science and technology is essential so that sustainable development can be pursued by reducing our use of natural resources, cutting pollution and mitigating risks to health and safety. To the extent that new technologies are cheaper than their predecessors, this will also contribute to the social and economic dimensions of sustainable development. The key is to ensure that legislative and institutional factors do not inhibit the development and diffusion of sustainable technologies. The public sector role is to promote basic and applied research into sustainable technologies and the factors that will lead to their adoption, and to fund benchmarking and demonstration projects. Public procurement policies are another tool for accelerating the adoption of cleaner technologies. Potentially, the insurance sector could provide risk management mechanisms which will lower barriers to innovation.

Improved communication with consumers is essential to overcome widespread scepticism about decision-making procedures that are seen to be too remote and scientifically driven. Policymakers need to engage in a more systematic dialogue with stakeholders, including consumer groups, before initiating new policy proposals. Individuals need to feel a sense of ownership about sustainable development and to feel that their own actions can make a difference. The business sector can help by engaging with the new corporate social responsibility agenda.

Finally, the global dimension, including enlargement issues, must be factored into the policy-making process. The impact of EU policies on sustainable development outside its own borders must be taken into account. Our actions and those of our global partners should reinforce each other. The Rio+10 Summit in 2002 provides a unique opportunity to take this forward.

2.4.3 The Precautionary Principle

It has been argued (Ewald, 2001) that there has been a long-term development of the insurance sector’s approach to risk. The 19th century was greatly influenced by the ideas of social security in the workplace. The 20th century was characterised by the development of risk management based on the theories of risk minimisation and loss prevention, and strongly influenced by technology, investments and the appraisal of technological consequences. Ewald argues that the 21st century will be greatly influenced by the use of the precautionary principle.

The view that there are strong links between insurance and the precautionary principle was one of the starting points for the INTEREST project. Loss prevention activities associated with insurance could enhance the precautionary approach. Specifically, the hypothesis was developed that the greater use of insurance-based approaches to risk management, particularly when combined with an unlimited third party liability regime, would lead to a more “precautionary” approach to innovation and development. Arguably, technologies with significant impacts on third parties would then proceed only if affordable insurance could be obtained. The insurance sector would price future risks, forcing innovators to internalise the costs, with the result that “unsustainable” technologies would be screened out (see section 9.1). This hypothesis is addressed here with reference to policy developments concerning the precautionary principle. 

The 1992 Rio Declaration stated that the “the precautionary principle shall be widely applied by States according to their capability”. The declaration went on to interpret this as meaning that “where there are threats of serious or irreversible damage, lack of a full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation”. The “precautionary” approach can thus be seen as one of the underpinning principles for action in working towards sustainable development.

In 2000, the European Commission sought to provide some practical guidelines as to when recourse should be made to the precautionary principle and how it ought to be applied in practice (European Commission, 2002). The Commission linked the precautionary principle firmly to a structured approach to risk assessment, risk management and risk communication. The principle therefore has some obvious resonance with insurance-based approaches.

The Commission sees the need to invoke the precautionary principle only where: a) potential negative effects have been identified; and b) scientific evaluation of the risk makes it impossible to determine with sufficient certainty the risk in question. It appears likely therefore that the Commission would want to apply the precautionary principle only in circumstances where, according to section 2.2, the risks entailed would not meet insurability criteria. The Commission also insists that, where the precautionary principle needs to be invoked, the appropriate responses are in the nature of political decisions which must take account of the risks that are “acceptable” to the society on which they are imposed.

The Commission proposes that a number of principles be adhered to when applying the precautionary principle. These are: proportionality; non-discrimination; consistency; examination of the benefits and costs of action or lack of action; and examination of scientific developments. Specifically, measures must not be disproportionate to the desired level of protection nor must they aim for zero risk. The positive and negative consequences of action or inaction must be considered. This should involve not only an economic cost-benefit analysis but an assessment of health/environmental outcomes and acceptability to the public. 

There is therefore a tension between the view, as expressed by Ewald (2001), that the precautionary principle will be a significant guide to risk management in the 21st century, and the obvious inferences to be drawn from the Commission’s approach to applying the precautionary principle. However, the Commission has circumscribed the precautionary principle, both in terms of the scope of its application and the balance between risk on the one hand and opportunities/rewards on the other. A “stronger” interpretation of the precautionary principle might allow a wider role for insurance and insurance mechanisms.

For example, the Commission identified a set of risks which fall below the uncertainty threshold required for the precautionary principle to apply. These are circumstances where no direct evidence is available about a risk but plausible inferences can be made, for example by using body weight ranges to make inter-species comparisons. The Commission characterises such approaches as being “prudential” in nature and here it is arguable that criteria for the insurability of risk may be met.

From this brief overview, the following points emerge:

· intuitively, it appears that there are links between precaution and insurance and these might strengthen as a result of changing social attitudes to risk.

· however, in a policy area where it is necessary to invoke the precautionary principle as interpreted by the Commission, it is unlikely a priori that insurance will have a role to play as the nature of the risks will be, by definition, such as to place them outside the boundary of insurability.

· where risks are such that a “prudential” approach to risk management (as defined by the Commission) is appropriate, as a result of more scientific information being available, insurance mechanisms potentially have  a role to play.

· the precautionary principle has a wider scope than does insurance. The precautionary principle can be applied to impacts that do not have an associated economic value for which liability can be legally assigned.

· an interpretation of the precautionary principle stronger than that proposed by the Commission could allow a role for insurance.

· if insurance, with associated unlimited liability, were to be used in lieu of more traditional public policy measures, it is probable that the balance would be tipped against the development of technologies with uncertain impacts. In that narrow sense, the greater use of insurance mechanisms would result in greater levels of precaution.

This discussion demonstrates that there are potential links between precaution and insurance, but also that the political nature of many emerging risks may constrain the use of insurance mechanisms. The general hypothesis about the links between precaution and insurance is tested more specifically in the case studies set out in sections 5-7. 

  


3. THE PAST ROLE OF INSURANCE
3.1 Introduction

This section addresses, with examples from past experience, one of the key questions of the INTEREST project:

“what is the past and present role of 'insurance' in relation to innovation which promotes, or challenges, sustainable development".

A number of relevant examples have been identified drawing on the extensive experience of the INTEREST project team. These are only examples and have not been developed into detailed case studies. However, they illustrate the range of circumstances in which insurance has already influenced innovation – either by promoting it or steering it away from certain directions. The examples are grouped under five themes: 

· the State setting the legal framework within which insurance can operate by forbidding it;

· the State setting the legal framework within which insurance can operate by mandating it;

· the State, as opposed to insurance, taking on risks either because it wants to intervene on political grounds, it wants to limit liability to underpin otherwise untenable technologies, or because insurers will not accept the risk;

· the insurability of risk guiding technology choice;

· loss prevention as a priority issue outside insurance.

In reviewing the examples it should be recalled that one of the key competencies of insurers is the knowledge and experience in dealing with risks: risk perception; risk assessment; risk management; and claims management. A number of methods can be used to structure the risk market, including risk assessment, risk financing and risk control:

· risk assessment differentiates between risk perception, risk identification and risk evaluation;

· risk financing allows for the options of bearing, sharing or transferring risk along with insurance; and

· risk control take the options of ignorance, avoidance and minimisation into account.

3.2 The State setting the legal framework: forbidding insurance

The political decision to forbid the insurance of flood damages in the Netherlands

A major flood on February 1st 1953 was caused by a major break in one of the dams; the water covered about a third of the national territory. The loss of life and the damages caused by the flood was tremendous: hundreds of people as well as thousands of heads of cattle drowned; and the loss of property was extremely high. Insurance payments covered only part of the losses.

As a consequence, Dutch parliament passed a law that prohibits flood insurance. The objective was to make it clear that only engineers can prevent catastrophic floods, not insurance, and that regular maintenance and adaptations of the dams are the best strategy to prevent a similar disaster from reoccurring in the future.

In contrast to mandatory national flood insurance, this approach strongly promoted preventive actions. The definition of clear responsibilities reduced the danger of a second major flood and led to the development and application of new technologies and maintenance strategies.

The exclusion of tailgate accidents from insurance coverage in California

In the early 1990s, California proposition 103 was intended to reduce annual car insurance premiums by 25 per cent. Although most insurance companies threatened to withdraw from the Californian market if the proposition was accepted, in practice only one insurance company did actually withdraw. The others decided to reduce the reimbursement of losses by a similar proportion through the introduction of two measures:

· the use of second-hand spare parts to repair damages in insured accidents, on the condition that the parts were younger than the damaged car. This led to a number of court cases by automobile manufacturers against insurance companies, which could prove through tests that the safety of these repairs was not impaired by the use of second-hand parts.

· the exclusion of rear-end accidents even under fully comprehensive policies, on the grounds that such accidents can be prevented by the driver by keeping a sufficient distance to the car in front. 

The first strategy is relevant to sustainability, as it encourages the reuse of auto components in the regional economy. The second strategy should lead to a more efficient outcome than would retaining insurance. However, it is believed that the police have started to avoid identifying rear-end collisions as the cause of accidents in their reports. This may be due to social concerns about the large-scale financial implications for people involved in such accidents.

In conclusion, loss prevention strategies that include the attribution of personal liability for damages as a punishment for faulty human behaviour may not be executed for social reasons. As a consequence, the incentives and potential impact of these strategies for loss prevention may be, at least partly, lost. 

3.3 The State setting the legal framework: mandating insurance

Third Party Car Insurance 

Third party liability insurance for automobiles is mandatory in almost all countries of the world. This helps to protect innocent parties, but it is also needed because people tend to overestimate their own driving ability. In one survey, no fewer than 75 per cent of car drivers estimated that they were better than the average driver.

From an insurability point of view, car insurance is an almost ideal risk, as each year there is a large but random number of accidents with a limited liability in each case. In many countries a bonus–malus system operates, which benefits drivers with few accidents and punishes ‘bad’ drivers. The system can be linked to a person (as in the UK) or a car (as in continental Europe). The rating can be based on car models (as in Germany) or engine size.

In conclusion, States can use, and have used, insurance as an efficient tool to protect vulnerable third parties and create incentives to prevent losses.

Compulsory insurance of pressure vessels

After the first major accidents with pressure vessels in the age of steam, safety regulations were introduced to prevent future accidents. Periodic checks of the vessels by qualified engineers were a major element of this legislation. 

Insurers, together with the engineering profession, successfully developed control bodies and procedures to check pressure vessels, which have greatly reduced the number of explosions of pressure vessels. 

3.4 The State taking on risks

Flood risks

Many flood risks are linked to buildings erected – often illegally – in flood plains or at locations known to have a high flood risk. As land in flood plains is cheap, poor people often build their houses in flood plains, as the big Mississippi-Missouri flood in the 1990s demonstrated.

Major floods are almost inevitably declared disaster areas by governments. As a result, losses to insured property are reimbursed by the insurance company involved, after a deductible, whereas damages to non-insured property are fully reimbursed by government emergency funds.

This raises the possibility of mandatory flood insurance for all house owners, even for those with a minimal flood risk. The advantages of mandatory flood insurance with a uniform common tariff are the speed in handling claims, the larger funds available, fairness in the treatment of losses and less fraud. The disadvantages are the lack of a market signal for loss prevention (flood protection), and the exclusion of those people who may not insure even under a mandatory regime.

In conclusion, planning, market structures, regulation and insurance interact in flood insurance. After the Mississippi-Missouri flood, Vice-President Al Gore suggested that uninsured victims in flood plains should be reimbursed only if they permanently gave up their existing homestead.


Nuclear power stations

In the 20th century, third party nuclear risks were not insurable, as no maximum loss could be put on a potential disaster. As countries had an interest in developing nuclear power stations, not least because they produce the raw material for bombs, an international convention was agreed that made utilities exploiting nuclear installations legally liable for only the first $200m of any loss. Furthermore, the liability was limited to damages caused on the national territory.

Today, tools of alternative risk transfer (ART), in the form of catastrophe bonds, could possibly cover a very limited number of nuclear power stations. Nuclear insurance is now limited by financial capacity, not technological risk assessment. 

There is still a subsidy to nuclear energy as insurance premiums do not fully reflect the risks. In conclusion, without government intervention, it is possible that the energy market might have developed alternative (non-carbon) energies, such as solar or wind energy, at a much earlier stage.

War risks, terrorism

Thirty years ago, terrorism cover was often included in property insurance. The events of September 11 show that people’s actions, rather than nature, can pose the biggest risks. Also, it is necessary to consider the maximum possible imaginable loss, not just the maximum possible loss.

September 11 has also shown the need for insurance to act in ‘quantifiable’ risk fields, and for the State to take over the role of insurer in times of highest uncertainty. Insurance cover for airplanes has, in most cases, not been withdrawn, but premiums have dramatically increased to reflect the unprecedented losses caused by the four hi-jacked aeroplanes. Countries stepped in as guarantors to keep airlines from going into bankruptcy and to keep ticket prices at present levels. State action, rather than a different risk assessment from insurers was the key.

3.5 Insurability and technology choice

Limiting the size of Ultra Large Crude Carriers

In the 1980s, the trend towards ultra large crude carriers (ULCCs) was driven by economies of scale. The main factor was crew costs. The construction of a new generation of ships of 1 million dwt, up from 500,000 dwt, was cancelled after ship owners realised that the incremental gains achieved were smaller than the increases in insurance premiums. The calculation of these premiums was heavily influenced by exposure to environmental impairment liability, with “diseconomies” of risk.

In conclusion, it can be said that the fairly priced insurance premiums prevented ship-owners from investing in a non-viable technology.


Underground hydrocarbon tanks

In the 1970s, public authorities became concerned about soil and groundwater contamination through spills from underground storage tanks of liquid hydrocarbon products. At the time tanks generally had a single hull. The insurance of underground tanks became mandatory.

For years, there was no actuarial evidence about leakage and insurance premiums fell each year in the absence of any claims. However, when the first tanks were removed, it was found that they had almost invariably developed tiny fissures through which hydrocarbon had escaped undetected over long periods of time. The clean up costs were covered by the insurance contracts and insurance premiums shot up. As a result, new legislation was introduced that permitted only underground tanks with a double skin and vacuum control methods.

In fact, underground tanks have often been replaced by single hull tanks situated above ground. This has had disastrous results in the case of major floods, with natural disasters being exacerbated by technical factors. In conclusion, this case shows that actuarial evidence is not strictly necessary for insurance. There was no actuarial data on subsidence and leaks from petrochemical tanks when insurance was made compulsory. Insurance can thus help to speed up the time to market of new technologies, without financial risks to the State.

Innovative Products and Processes

Risks are willingly taken by both users and suppliers of innovative products and processes if the benefits are clear and easily appropriated, and if insurance is available. This is exemplified by the use of the drug interferon for multiple sclerosis, and the development of enzymes such as ‘coldzymes’. In some instances, enzymes substituting for chemical catalysts have increased resource productivity by factors of up to 37,000. Insurance has covered these new products of the “red” and “grey” life sciences without any need for State guarantees or intervention.

3.6 Loss prevention: corporate and State action

Reduced insurance for high speed car accidents

The German government has a recommended speed limit of 120 km/h on motorways. The degree of insurance cover is related to this recommended speed, decreasing to zero at a speed of 200 km/h. These facts are little known in Germany.

A typical case involved a car driving at 200 km/h in the left lane. When it approached another car driving only 120 km/h, the driver had to brake hard and lost control of his vehicle. The resulting accident wrecked the fast car, which was covered by a fully comprehensive insurance policy. The insurance company refused to pay for the loss, arguing that the accident would not have happened had the driver driven at only 120 km/h.

Refusals by insurance companies to pay for damages caused by speeding cars have led to several appeals to the Federal Court in Karlsruhe. The latter has upheld the right of insurance companies to reduce or cancel their cover on the grounds that risks above the recommended speed limit are taken voluntarily by the driver.

In conclusion, the loss prevention potential of this strategy is lost due to its ‘secrecy’. The insurance sector has not seen itself as having a role in providing ‘unwanted education’ for its clients.

Reporting near incidents and “near misses”

A number of industrial sectors are obliged to report incidents and “near misses”. Obligations can be imposed by companies themselves (e.g. airlines), sectoral organisations (the UK chemical industry) or government organisations (FAA). The philosophy behind incident reporting is that most accidents have been preceded by a number of similar incidents without fatal consequences and which did not come to light because of reticence on the part of staff. 

The chemical industry in the UK introduced incident reporting after the Flixborough accident. Reports are sent to a central body, which removes names and locations, and then distributes the information to all its members. The system specifies that nobody will suffer any sanctions or punishment for faults made.

British Airways started its system after the crash of an airliner which ran out of fuel while flying a waiting loop. It was then discovered that a relatively high number of BA aircraft land with less than the minimal amount of fuel required, or have to ask for emergency landing due to lack of fuel. In most cases, these facts were not reported after landing. Furthermore, this situation often arose when a senior experienced pilot was in command. The younger co-pilot was aware of the situation but did not dare to point out the problem to the pilot. In some cases, the co-pilot needed psychiatric care after landing – which led to the fact being investigated.

In conclusion, regulations that punish human faults and errors often lead to the covering up of near misses, and thus waste the potential for learning. It can be argued that insurance does not have this effect to the same extent, as it does not punish or sanction the faulty individual in the case of a near miss.

Confiscation of speeding vehicles

The Netherlands has a policy of confiscating vehicles driven more than fifty km/h above the speed limit. Cars are sold at public auctions and the proceeds go to the State. Speeding cars are legally treated the same way as any other dangerous weapon, such as a handgun, that could kill innocent people.

This policy has the advantage that it can be (and is) applied to Dutch citizens and foreigners alike. Confiscation of driving licences would not have the same effect, as it cannot be applied to foreigners.

In conclusion, this is an efficient policy for enforcing speed limits, but possibly too little known outside the Netherlands to provide incentives to change behaviour. 


4. THE CASE STUDY APPROACH

To ensure that the findings of the INTEREST project were grounded in reality, case studies were used as a major input to the workshop activity. The case studies were chosen according to a number of basic criteria:

· did they cast light on innovation processes? 

· did they relate to the economic, social or environmental aspects of sustainable development?

· did they raise insurability challenges?

· did they cast light on the precautionary principle?

· did they address new societal risks?

· did they offer opportunities for replication?

Not all case studies met all of the criteria, but the selection was made so that, collectively, the case studies covered the full range of issues raised by the INTEREST project. In addition, the selection was made with regard to the sector involved, the type of innovation (radical, incremental etc) and the potential role that the state might play.

It was apparent, in selecting the case studies, that insurance could play a number of discrete roles with respect to innovation and sustainability. These included:

· regulating the development of radical technologies which had potential impacts on the environment or third parties and whose sustainability was contested.

· underpinning the development and deployment of technologies which manifestly promote sustainability by helping to manage technological risks; and

· promoting innovative solutions for managing the risks associated with natural hazards,

The first role stimulated a great deal of interest and three case studies were selected in this area: the development of GM crops; the risks associated with xenotransplantation;
 and nuclear power. The first case study was particularly timely as the insurability of risks associated with GM crops is a major issue in negotiations on the EU draft directive on environmental liability.

To cover the second role, one case study covered the insurability of technological risks associated with projects tapping freshwater submarine springs in the Mediterranean area. A case study on flood risks addressed the issue of insurance and the prevention of losses caused by natural hazards. Other case studies considered, but not undertaken, included renewable energy, the use of coldzymes and forest fire risks.

Tables 1 and 2 show how the five case studies meet the criteria listed above and the extent of their coverage.
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TABLE 2: Case STUDY Coverage
	Does the case cast relate to:
	GM crops
	Submarine Freshwater Springs
	Management of flood risks
	Nuclear power
	Xeno-transplantation

	The potential role of the state?
	Regulatory, research, communication
	minimal
	Legislation, insurer of last resort, loss prevention
	Regulatory, legal framework, R&D, funding
	Regulatory, communication,

research 

	Specific sectors?
	Agriculture, biotech
	Manufacturing
	Household and other
	Energy
	Healthcare

	The type of innovation?
	Radical
	Take-up of near-market/ existing technology
	Infrastructure, systems
	Problem-solving
	Radical


The case studies were conducted by teams comprising members of the INTEREST consortium and their associates. The case studies were presented at the workshops and subject to intense discussion to tease out the insurability implications. The case studies were then subsequently refined in light of these discussions. The GM crops and submarine freshwater springs case studies were presented at workshop 1 and the other case studies at workshop 2. At the second workshop, the case studies were presented by teams without formal expertise in insurance matters but a commentary was provided by insurance experts. Expertise in both the specific case study area and insurance was thus deployed.

The case studies were developed using a common framework which did, however, have to be modified somewhat to take account of the specificities of individual case studies. The framework covered:

· characterisation of the issue (technological state-of the-art, legislative framework, current role of insurance and public risk perceptions);

· risk Management and the role of different risk management actors (e.g. the state, insurers); and 

· implications for innovation, sustainability and insurability.

The five case studies are described in the following sections which cover: liability, insurance and contested technologies (section 5); insurance mechanisms and sustainable innovation (section 6); and innovative responses to natural hazards (section 7).


5. LIABILITY, INSURANCE AND CONTESTED TECHNOLOGIES

5.1 Case Study 1: Genetically Modified Crops
5.1.1 Introduction
Since the 1990s, an increasing number of genetically-modified (GM) crops have been cultivated in the open environment for both research and commercial purposes. The rationale behind the development of GM crops – which combine genetic material from two or more different organisms, or recombine the genetic material of an organism in new ways – is to obtain plants with new, improved traits for food production (such as herbicide-tolerant soy) and for non-food products (such as biodegradable plastic, or timber). It is estimated that in 2001 some 50 million hectares of arable land were used in 15 countries to grow some 40 varieties of GM crops. The USA, Argentina and China are amongst the largest producers of GM crops. This rapid development of gene technology in the agricultural sector has led to ongoing political and wider public debates about the risks versus benefits of GM crops. In Europe and elsewhere this led to widespread public controversy in the mid to late 1990s, effectively leading to a moratorium on the commercial cultivation of GM crops. Issues relevant to insurance – such as risk assessment and environmental liability – have been central to this debate. The following summarises the analysis of GM crops in relation to the issues of insurability, regulation and innovation.

5.1.2 Risks

There are different kinds of risk, which vary according to whether GM crops are cultivated within contained environments (e.g. in the laboratory) or in the open environment, and according to whether they are cultivated commercially or for research.

Environmental risk

Specific environmental risks associated with the deliberate release of GM crops are:

· horizontal gene transfer

Two potential risks have been identified: (i) the unintentional breeding of a GM crop with a related wild plant, thus creating a new kind of weed. Here, the issue of safety zones around GM crop fields is in dispute. Recent research has shown that the relevant gene implanted in herbicide-tolerant rapeseed could later be found in wild radish, a related weed, which then became resistant to the herbicide; (ii) the unintended transfer of the modified genetic material from the GM crop to other species, such as soil bacteria. Here, the possibility of a transfer of antibiotic resistance genes to other species has been at the centre of debate.

· vertical gene transfer

The transfer of the genetic trait produced by genetic engineering from the parent generation to the daughter generation(s). Hence, the product of genetic modification can potentially be passed on to other organisms indefinitely. So-called ‘terminator’ GM crops, which are modified to be infertile, while favoured by the industry have been widely opposed in public with the result that the terminator technology has not been applied thus far.

· unintended insect/herbicide resistance

Scientists estimate that the widespread use of insect-resistant crops will eventually lead to the targeted insects becoming resistant to the insect-toxin contained in the GM crops. GM crops could thus lose their insect resistance, as new, more virulent insects evolve. Similarly, wild plants/weed may develop resistance to herbicides used in GM crop cultivation, thus eliminating the advantage of the herbicide-resistant GM crops.

· unintended effects on organisms

As GM crops may contain chemical substances that distinguish it from its non-GM  parent plant, there is a possible risk of unintended harmful effects on other, non-target organisms due to the difference in the biochemical make-up. It has been reported, for example, that (the benign) Monarch butterfly might be at risk when feeding on insect-resistant Bt corn.

Animal welfare

· antibiotic resistance 
Antibiotic resistance genes are used in the process of genetic modification as ‘markers’ (to test successful modification). There is a theoretical risk that the consumption of GM plants might induce unwanted antibiotics resistance in gut bacteria in cattle with harmful effects on the animals’ welfare. Hence, alternative ‘markers’ are under development.

Human health 

· antibiotic resistance

There is a theoretical (and as yet unsubstantiated) risk of antibiotic resistance being transferred to humans from GM food or indirectly via animals. 

· allergies

GM crops may express certain proteins or other substances in different quantities than similar non-GM crops, or they may contain new proteins/substances that could lead to allergic reactions in humans. A report by the UK’s Royal Society called for the tightening of regulations for novel foods, especially allergy testing.

Social risks

‘Social risks’ refers to the public’s risk perception of GM crops as a result of public concerns about the above risks as well as about possible negative socio-political repercussions (such as negative impacts on farming in the developing world and lack of consumer choice). Recent public controversies, particularly in Europe but also in other countries (for example, Zambia) point to the significance of social risks in the policy-making and regulatory processes. The moratorium on the commercial cultivation of GM crops effectively came as a result of negative public perceptions. The ‘social risks’ point to the inherent cognitive, normative and practical uncertainty associated with GM crop technology (How safe is it? Should we do it? How should we handle it?). It is now widely recognised that the management of the social risks of GM crops requires different means than the traditional scientific assessment of risk.

Financial Risks

This refers to possible indirect financial losses to third parties. For example, as a result of the required segregation of GM and non-GM crops in many countries, GM contamination may result in financial damage to conventional and organic growers. There have been several recent cases, where developers, insurance companies and governments have denied liability in connection with GM contaminations of non-GM crops, as a consequence of which farmers incurred financial losses.

5.1.3 State Regulation, Public Technology Assessment and Liability Regimes

State regulation

GM crops are extensively regulated, with Europe (at European Union and national levels) providing more stringent regulation than the USA and Asian countries. Regulation covers basic research, field tests and commercial cultivation, and includes both processes and products. In order to test a GM crop in the open environment, approval from the relevant public authorities has to be granted. Likewise, authorisation has to be obtained for the commercial cultivation of GM crops. Furthermore, the use of GM products for food production is only granted following safety tests carried out by national/international food safety authorities. The State’s role in GM crop regulation is arguably ambivalent in that the State is expected on the one hand to promote modern biotechnology, whilst on the other it is expected to safeguard public health and the environment. 

Technology assessment

In an attempt to take into account the social dimensions of GM crops, State institutions have sought to complement their scientific risk assessments with ‘technology assessments’ based on public involvement (citizens’ juries, consensus conferences etc). The insurance industry representatives considered the value of these tools for the insurance sector itself to be rather limited, not least because they usually deal with the social and political dimensions of new technologies, and not with quantifiable, ‘conventional’ risks. However, there may well be a role for the insurance industry in public technology assessment, as it could contribute to the discussion of risk and liability.

Liability

In Europe, under the GMO Deliberate Release Directive (90/220/EC) and the Novel Food Regulation (98/257/EC) anyone claiming to have suffered harm from products approved under these regulations would have to seek compensation from the public authorities rather than the companies involved. Hence a significant proportion of the risks associated with the development of this technology have been shouldered by the State. There are currently no strict liability regimes making biotechnology companies liable for any harm to human health or the environment in place to date. 

However, a draft European Commission directive on environmental liability (European Commission, 2002), which reconsiders the division between public and private liability for environmental risks, is currently under consideration. The proposals cover the prevention and (non retrospective) remedying of environmental damage to water, land and biodiversity, based on the principle that polluters should pay for the damage they cause to the environment, or for measures to prevent the imminent threat of such damage.

The proposed regime is meant to implement the polluter pays principle, the preventive principle and the precautionary principle, by putting in place incentives for firms to behave more responsibly and internalise their environmental costs.

The regime would be founded on strict liability in respect of land, water and biodiversity damage from ‘dangerous activities’ regulated by specified EU legislation, including the contained use or deliberate release of GMOs. However, there would exemptions for damage by activities not considered harmful at the time (state-of-the-art defence), or allowed by law or by an operator’s permit (permit defence). These defences would not apply if the operator had been negligent.

In addition, the proposed Directive “would not give private parties a right of compensation for any economic loss sustained in consequence of environmental damage or of an imminent threat of such a damage”, and so does not cover any traditional damage (property damage, economic loss or personal injury). This is critical for GM crops, because of the possibility of economic damage sustained by conventional or organic farmers in areas adjacent to fields in which GM crops are being grown. Environmental NGOs have argued that traditional damage should be brought within the scope of the Directive.

Member states are required to encourage operators to use insurance or other forms of financial security and to encourage development of such arrangements although no compulsory scheme is proposed.

5.1.4 Issues for Insurance

Current European regulation of the deliberate release of GM crops (either for research/ testing, or commercially) does not currently include civil liability or insurance for environmental (or social) harm. So, any potential harm, even large-scale, would presumably have to be dealt with by the State, and more widely, the general public.

For insurance, the following problems/challenges arise:

· horizontal gene transfer: unintended transfer from GM crop to other organisms (problem for product liability);

· vertical gene transfer: the genetic trait is passed on from generation to generation – that is, the ‘product’ is not limited, which is problematic given that insurance is based on one-year contracts (the ‘terminator’ technology would be an exception, but industry had pledged not to use it commercially);

· hazards: unknown/unquantified potential environmental, health and social hazards involved in GM crop technology (problem of quantification of environmental damage);

· difficulty of proving damage given the complexity of the technology and its interaction with the environment;

· possibility of multiple source of damage (for example, if a GM tomato is found to be harmful, is it the developer, the farmer, the retailer or the restaurant that is liable?);

· overall, the lack of actuarial information to assess the probability and scale of adverse events, the possibility of large-scale events (even if rare), and the socially sensitive nature of gene technology, makes GM crops a tricky issue for insurance companies. The insurance sector representatives participating in the INTEREST project felt the GM-related liabilities were too risky to take on, fearing especially that government might change the rules after the risk had been priced, and thus the limitations to the cover would remain unclear.

In conclusion, this case study illustrates that biotechnology is a contested innovative new technology that has the potential to offer not only significant benefits but also significant risks, both of which would have important sustainability implications.

It could be argued that the absence of a strict liability regime has been an important factor in facilitating the introduction of GM crops into the European market. Furthermore, the protection offered to developers by the GMO Deliberate Release Directive and the Novel Food Regulation has essentially shifted much of the potential risk from any unexpected hazards arising from these products onto the State. Nevertheless novel liability problems associated with the GM contamination of non-GM crops have recently begun to emerge. 

The proposed Directive on Environmental Liability would change the regime, drawing the insurance sector into political debate. According to the European Federation of Insurance Associations (CEA), the current proposals define biodiversity in too broad a way and biodiversity damage “cannot be considered currently insurable” (Environment Daily, 2002). CEA expressed similar concerns about insurability should the currently proposed exemptions relating to permit and state-of-the-art defences be deleted from the final draft of the Directive. 

In the absence of a counter-factual – a case study of a market that has operated strict liability – it is impossible to prove how much difference different liability regimes might make. However, there are indications to suggest that the insurance industry would have been unwilling to underwrite the currently unquantifiable risks associated with introduction of this technology if strict liability had been required. According to insurance industry representatives, there are limits to insurance-based approaches to developing and regulating GM crops, because the risks and benefits involved are of a wide societal nature.

5.2 Case Study 2: Xenotransplantation

5.2.1 Introduction

This case study explores issues raised by the proposed use of genetically engineered (GM) pigs as organ donors for cross-species (or xeno-) transplants to human patients. Over the last 40 years rapid advances in immunosuppressive drugs, tissue matching and organ preservation techniques have allowed human-to-human organ transplants to significantly prolong the lives of many hundreds of thousands of people worldwide. However, as heart, kidney, liver and other organ transplants have become increasingly routine, the demand for treatment has significantly outstripped the supply of donor organs. Moreover, demographic and other changes mean that this organ ‘gap’ is expected to increase. 

Advances in biotechnology appear to offer a solution to this problem. Xenotransplantation involves a number of distinct immunologic barriers which make it much more difficult to achieve successfully than human-to-human transplants. The best understood of these barriers is hyper-acute rejection, in which the immune system recognises a transplanted animal organ as non-human and attacks it – destroying the organ within a matter of minutes or hours. By genetically engineering pigs to make their organs human-compatible it is hoped to provide an almost limitless supply of spare parts for transplant surgery. However, this controversial new technology not only raises major ethical concerns about the treatment and use of animals, it is also entails significant and currently unquantifiable public health risks. 

In 1997 researchers showed that porcine endogenous retroviruses (PERVs) could infect human cells in culture. These viruses are of particular concern as they are integrated into the host species chromosomal DNA and so cannot be excluded by conventional bio-safety precautions. What effect they would have if they were to infect a living human patient is unknown. However, retroviruses can become biologically active when they cross between species. This research therefore focused international attention on the risk that xenotransplants from GM pigs could introduce potentially devastating new diseases into the human population. 

Partly as a result of this, together with the fact that the technology has not advanced as rapidly as was initially expected, clinical trials using GM pig organs for xenotransplantation into human patients have yet to take place. 

5.2.2 The Risks

“Adaptation of new viruses to the human host can result in the emergence of a new human epidemic or pandemic. Precedents for the spread of animal viruses within the human population as a result of human-to-human transmission include the Ebola outbreaks…, outbreaks of Lassa fever and of Crimean-Congo haemorrhagic fever, influenza pandemics, and the global spread of HIV. Thus, the possibility of secondary transmission represents an obstacle to the adoption of xenotransplantation, the infection risk represents a public health issue, rather than just a concern to the individual involved.” (Department of Health, 2001) 

Three broad categories of risks can be identified with respect to this technology. 

Safety risks include:

· Risks to the organ recipient (patient): that the donor GM pig organ will not function as effectively as a human organ; that it will be rejected; or, that the patient will contract a xeno-related disease

· The risk that medical staff or those involved in the breeding, transportation and sacrifice of the source animals will contract a xeno-related disease 

· The risk that family members or close contacts of the patient will contract a xeno-related disease

· The risk that a xeno-related disease will be transmitted into the wider population

Economic risks include:

· Financial losses to the developers if the technology can not be made to work or can not be brought to the ‘market’ due to the safety or other concerns

· Possible public or private sector liability to pay compensation to those infected or their families should xenotransplantation lead to the introduction of a novel disease

· Additional costs to the health care system which would be involved in screening for and treating anyone who contacted a xeno-related disease

Social and ethical risks include:

· Loss of trust and political legitimacy if regulation does not take into account public concerns 

· The civil liberties implications of dealing with the introduction of a xeno-related disease into the human population

5.2.3 Risk Management and Participatory Technology Assessment

In the mid-1990s few national governments had regulatory frameworks in place to deal with the complex and contested scientific, medical, social, economic, legal, and ethical issues posed by xenotransplantation.

In January 1999 the Parliamentary Assembly of the Council of Europe joined calls for an international moratorium on xenotransplantation. By contrast a number of national regulatory bodies have sought to adopt a risk reduction strategy, setting out a standards-based approach to risk reduction, in order to facilitate such trials. For example, UK Xenotransplantation Interim Regulatory Authority (UKXIRA) has published draft guidance covering:

· The breeding, housing, husbandry and care of source animals to minimise the possibility of infectious disease transmission 

· Health monitoring for all those involved in future clinical trials – including patients, their family members and close contacts and health service staff

· Additional safety requirements for early clinical trials – such as requiring all patients to avoid having further children, use barriers contraception and report all sexual contacts for subsequent monitoring 

Another response to the complex risk management and regulatory challenges posed by xenotransplantation has been to turn to the emerging field of participatory technology assessment (PTA), in order to given the public a greater voice in decision-making. Public participation in decision-making is increasingly recognised an important component of environmental governance and sustainable development. This case study suggests that participatory technology assessment can play an important role in promoting social dialogue and assist policymaking in respect to complex and controversial technological innovations.

Both Switzerland (Center for Technology Assessment, 200) and Canada
 have recently undertaken major exercises of this kind, whilst in the UK the Wellcome Trust is sponsoring the Deliberative Mapping
 project looking at xenotransplantation and end-stage kidney failure. These studies have employed a range of consultative and deliberative approaches (including Citizens Juries/Panels, focus groups, opinion polls, web consultations, and semi quantitative multi-criteria techniques) in order to provide a better understanding of the type of risks which society is willing to accept, and help to develop a richer and more robust basis for policymaking. Core elements of often include: 

· Deliberation between lay and expert participants

· The inclusion of a wide range of views points

· Consideration of societal values as well as conventional risk assessment criteria

· The assessment of the proposed option against a range of possible alternatives

A common feature across all of these studies has been the weight lay participants have attached to alternative approaches to dealing with the organ gap. Alternatives being evaluated by the UK study include:

· Improving existing transplant services: learning from national and international best practice. 

· Altruistic living donation: increasing the number of donors through voluntary unpaid living donation. 

· Presumed consent: assuming that everyone is willing to donate their organs after death unless they register an objection (as is already national policy in a number of EU countries, which have higher organ donation rates than the UK) 

· Human tissue engineering: using stem-cells to repair or build kidneys
· Encouraging healthier living: a preventative approach to reduce incidence of kidney failure
The Canadian study concluded:

“the majority of informed Canadians do not support xenotransplantation involving humans at this time. The main reasons pertain to the potential health risks, the need to explore alternatives to xenotransplantation, and the inadequacy of current regulations and legislation governing xenotransplantation”

Similarly the Citizens Panel involved in the Swiss study also recommended that the potential benefits could not offset the extensive risks. Furthermore, the majority of the Panel concluded that:

“The conditions for raising “donor animals” is fully at odds with the appropriate manner in which the animals should be brought up. We judge the genetic manipulation required on pigs in order to lessen the threat of organ rejection to be morally questionable. In our opinion, an animal should not be reduced to the level of a spare-part supplier.”  (Centre for Technology Assessment, 2000).

The Panel therefore placed great importance on the need to pursue alternative approaches to alleviating the shortage of donor organs. Such as improving health education and prevention, easing legal controls on living donation, and fostering research into artificial organs, the causes of organ failure and human tissue engineering. 

Significantly, from the perspective of the INTEREST project, the Swiss Panel also made an explicit call for a strict approach to civil liability, with respect to the statute of limitations and obligatory insurance, in the event that clinical trials with xenotransplantation were to proceed.

5.2.4 Innovation-Sustainability-Insurability Implications

Unlike the case of GM crops, issues of liability and insurability have not so far featured prominently in public debates over the acceptability of xenotransplantation (although as noted above, these issues were touched upon by the Swiss PubliForum). This may simply be because the technology has yet to enter clinical trials, and hence such concerns have not yet to come to the fore. However, it also appears to reflect a lack of foresight on the part of official regulatory and advisory bodies. 

For example, the clause on ‘financial and insurance’ aspects in the UKXIRA application form for a licence to carry out clinical xenotransplantation trials is based upon the standard requirements that apply for any routine clinical trial. It states:

"All financial aspects in conducting and reporting the trial, as well as the long-term surveillance and monitoring, shall be arranged and clearly specified. Patients/volunteers taking part in the clinical trial should be satisfactorily insured against any injury caused by the trial. The liability of all the involved parties (i.e. investigator, sponsor, manufacturer, hospital, clinician) must be clearly defined and understood at the start of the trial."

No account is taken of the particular risks to third parties inherent in the technology. Hence, there is currently no explicit requirement for applicants, seeking to undertake clinical xenotransplantation trials, to obtain insurance cover against (safety) risks to third parties or the wider population. Given the degree of novelty and uncertainty that characterise these risks, and the potential magnitude of the worst-case scenario associated with the technology (i.e. the ‘escape’ of an easily transmissible potentially fatal infectious agent with a long incubation period into the human population) it is in any case unlikely that the insurance sector would be willing to provide such cover. Therefore if public authorities do decide approve clinical trials they may well find themselves liable (as the ‘insurer of last resort’) should public health problems subsequently arise, particularly as most of the companies developing this technology rely on venture capital and have limited financial reserves. 

However, the potential absence of such insurance cover could be construed in a more positive light: i.e. as an indication, or financial ‘signal’, that alternative ways of dealing with the organ ‘gap’ should be investigated in preference to the further development of xenotransplantation.   

5.2.4 Conclusions

In terms of wider lessons for the INTEREST project, two main conclusions can be drawn from this case study. 

First, in the case of controversial and contested technologies the absence of the availability of insurance cover may be a positive benefit, encouraging a more precautionary approach and the reliance upon, or the development of, safer alternatives. 

Second, the case study highlights the considerable potential of participatory technology assessment techniques to assist policymakers and society more generally in the exploration and evaluation of novel risks and uncertainties, and alternative options. Such techniques are particularly useful where there is insufficient knowledge or certainty to undertake or have confidence in conventional quantitative risk assessments, and where technological developments entail wide-ranging social, ethical and political risks. The scope for the insurance sector to employ such techniques is therefore likely to be rather limited, as these types of risks tend to be inherently undesirable from an insurance perspective. However, the sector could play a productive role, contributing to discussions on innovation and sustainable development, as a participant in such assessments.

5.3 Case Study 3: Nuclear power

5.3.1 Introduction
The INTEREST project concerns innovation that promotes or challenges sustainable development. It is difficult to state categorically whether nuclear energy is innovative and whether its use is promoting or challenging sustainable development. Some aspects of nuclear energy, such as nuclear fusion, are indeed innovative. One could also argue that nuclear power is associated with sustainable development in the fields of climate change and medical applications. Challenges on the other hand lie in issues of waste disposal and technological risks.

With regard to promoting sustainable development through risk management mechanisms from insurance, there is a clear scope for the insurance sector and insurance-based mechanisms to contribute, with a risk management and financial approach as well as safety management.

Nuclear power is also a good example of irreversibility: once the technological choice has been made and the infrastructure built, it is extremely difficult to reverse the decision. The case therefore may throw light on insights from innovation theory that are important when considering the relationships between insurance and technological innovation with long-term consequences. 

5.3.2 Nuclear Power: Key Figures and Trends
Although nuclear technologies are generally associated with power plants and military utilities, their applications are used in various fields, such as medicine, food production improvement, and water resource assessments. Today, there are 430 reactors that generate electricity for civil use. Although the scope for regulation varies, it is one of the most highly regulated industries, and the industry is characterised by international cooperation on harmonisation and standardisation.

When examining nuclear power, the whole life cycle needs be considered, from the ‘front end’ cycle, through power plant operation, to the ‘back end cycle’ of waste disposal. For the front-end cycle, uranium is the main fuel, although plutonium and thorium can also be used. The world’s stockpiles of nuclear weapons are an increasingly important source of nuclear fuel. Transforming uranium-containing minerals or weapons into usable fuel requires various processes, such as extraction and transportation of intermediary goods, all of which carry their own sets of risks and wastes.

5.3.3 Challenges for the Insurance Sector

Like other industrial activities, the nuclear industry addresses the typical risks of fire, machinery breakdown, human error, property damage, liability and business interruption losses. 
But the specific risk induced by the nuclear power industry is the release, through both accidents and low-level continuous releases, of radioactive elements that may harm humans and the environment over their lifetime. The probability of a nuclear accident is generally considered very low, but the damages incurred could be extremely high. 
The challenges are non-actuarial risk assessment, risk management with a particular focus on safety, and the capacity to handle damages. Currently, the biggest challenge is financial capacity rather than technical or technological risk assessment and management.

The cause of nuclear accidents is often social or managerial
Civil nuclear incidents are classified according to the scheme below. Many nuclear incidents involve military installations, for which data is not readily available.

Table 3
Classification of nuclear incidents

	1 Major accident (eg Chernobyl, USSR 1986)

2 Important accident

3 Accident presenting an external risk (Windscale, UK 1957, Three Mile Island, USA 1979)

4 Accident inside the installation (Saint-Laurent, France 1980)

5 Problem affecting security (Vandelos, Spain 1989)

6 Problem causing secondary development

7 Malfunction


The events at Chernobyl (RBMK) on April 26 1986, when the reactor went from producing 200 to 300,000 MWth in one second, are a good example demonstrating systems failures with regard to organisational, managerial and cultural capacities. In many ways, the reasons for the accident – the intentional blocking of the automatic emergency signal during a test – had nothing to do with risk management in a technological sense.

The incident – which resulted in 31 deaths, 135,000 evacuations, 5.4 million people requiring iodine treatment, as well as 400,000 m3 of concrete for protective encasing – demonstrates many classical system deficits. The organisational deficits at Chernobyl included: treating safety management as part of production management; a lack of experienced management; and a disregard for the complexity of the project. When the test starting going wrong, a lack of training meant ineffective measures were applied, and a lack of crisis management made the consequences worse.

Similarly, in the General Public Utilities (GPU) at Three Mile Island, the main reasons for the incident were found to be related to management, social, operational and equipment factors. The important lesson learned from looking at these incidents is that human error, organisation and management, and communication and information are extremely important for risk and safety management.

Regulation, Nuclear Liability and Insurance

Nuclear liabilities limitations are not very different from other existing liabilities, e.g. for transport. As a result of the lack of actuarial data, pricing is subjective for catastrophic risks. However, the pricing of lower level risks is increasingly influenced by an actuarial approach. Prices are likely to approach realistic risk prices, thanks to continuous improvements in technological risk assessment.

The operator of a nuclear installation is exclusively liable for accidents at and in relation to that installation, including transport of nuclear substances. This “channelling” of liability on to the operator simplifies and therefore expedites actions for damages brought by victims. It also minimises the burden upon the nuclear industry as a whole, as the various persons who contribute to the operation of a nuclear installation, such as suppliers and carriers, do not require insurance coverage additional to that held by the operator.

This liability is “absolute.” This is to be contrasted with the general tort law based on fault or negligence. Under the Paris and Vienna Conventions, the operator of a nuclear installation is liable, regardless of whether fault can be established. This also greatly simplifies actions for damages, as the nuclear field is so complex that fault could be very difficult to prove.

Under the Paris Convention, the maximum liability of an operator is US$21 million. However, a party to the Convention may take into account the possibilities of obtaining insurance or other financial security and establish a greater or lesser amount by legislation, to a minimum of US$7 million. The OECD Steering Committee for Nuclear Energy, the governing body of the NEA, has recommended that Contracting Parties to the Paris Convention aim at setting the maximum liability at not less than $210 million. Under the Vienna Convention, the liability of an operator may be limited to not less than US$5 million. 

The basic rule under both Conventions is that the right of compensation expires if an action is not brought within ten years of the nuclear accident. In addition, States may limit the operator's liability to no less than two years (under the Paris Convention) or three years (under the Vienna Convention) from the time when the damage and the operator liable have become known to the victim (or ought reasonably to have become known).

Direct insurance coverage exists in the field of compulsory liability, decontamination and decommissioning of property, and business interruption. As liability insurance is compulsory, the other policies may be optional. Historical analysis seems to reveal that the largest insurance risk involves main turbines, main generators, reactors and internals, transformers and pumps. Reinsurance is provided by 25 national insurance pools worldwide as well as mutualities.


Nuclear energy and sustainable development
Economic Dimension: Safety and decommissioning costs should be included in the capital costs as well as the costs of health and environmental impacts from residual emissions and other negative externalities. 
The prices of fossil fuels, which have been highly volatile in the past, will have an important influence on the competitive situation. The removal of subsidies is essential to achieve SD goals in a deregulated market. Relevant subsidies include support to R&D beyond basic research; export financing; and government guarantees covering financial liabilities and third party liability in case of severe accidents.

Environmental Dimension: 
Health and environmental impacts of nuclear facilities and transport of nuclear materials should remain below socially acceptable limits, even in accidents. This would require reconciliation of several goals: providing adequate protection of the public from potential damage; ensuring that the growth of the nuclear industry from which this same public benefits would be protected from excessively burdensome liabilities; marshalling international insurance market resources to ensure that sufficient financial security is available to satisfy potentially large claims; and ensuring that liability and compensation mechanisms address the transboundary nature of nuclear damage. The cost of waste management and disposal should be internalised, i.e. reflected in the price paid by consumers, and represent a few per cent of the overall cost of nuclear energy generated. 

Social dimension: Human capital includes the highly qualified workforce that is essential for the design, construction and operation of complex facilities within the fuel chain, including uranium mining and radioactive waste management, and for regulatory activities and R&D. Nuclear energy has reached maturity, and R&D in commercial support of existing reactors may be taken up by industry, or even reduced to some extent. Institutionally, not all countries have comprehensive nuclear legislation in place and even where the legislative requirements explicitly embrace SD goals there can be gaps in how those requirements are administered.

5.3.4 Conclusion
The conclusion of this case study revolves around two major issues:

· the question to what extent nuclear power can indeed be characterised as being sustainable – a discussion that came back time and again during our meetings but also in society at large; and

· the role of the insurance sector and especially what might have happened if the insurance sector would have engaged earlier in the decision making process around nuclear waste.

Is nuclear power generation a “sustainable” technology?

Within the INTEREST project team, discussions relating to nuclear power were often characterised by the difficulty in reaching agreement on whether it promotes sustainable development (by contributing to reductions in greenhouse gas emissions), or whether it challenges it (through the problems of waste disposal and the risks of nuclear accidents). This is mirrored by the anecdotal observation that nuclear power can be regarded both as an asset and a liability. In spite of these issues, the case study casts light on important aspects of relevance for the INTEREST project.

The case study highlights how social attitudes to the sorts of risks posed by nuclear power generation – low probability but potentially very significant short and long-term, if poorly understood, consequences for whole societies – have changed in the last half-century, since the large-scale nuclear power plant construction programmes were embarked upon. There have been radical changes in risk perception in societies, with a decreasing acceptability of collective intergenerational risks, of which nuclear power is a good example. This points to the need to consider which sorts of activities may be regarded as unacceptable in the future. September 11 has highlighted the need to consider societal vulnerabilities, which impact on the sorts of collective knowledge, information and technology needed for future generations to manage the risks we have created. Nuclear power may well be a relatively vulnerable technology in this respect.

The case study is very topical, since currently strong policy debates are taking place in many European countries as the old plants are nearing the end of their lives and phase-out will occur in the absence of new investments. Policy interactions of specific relevance for the case study are the effects of market liberalisations in the energy field as well as climate change agreements under the Kyoto Protocol. It was pointed out that there may be an inherent contradiction on the part of States to pursue those two sets of policies, as subsidising uneconomic nuclear electricity generation
 conflicts with deregulation of the electricity market. This conflict is set in the context of powerful commercial nuclear interests. Increased competition has decreased the nuclear sector’s access to capital, but this could change depending on the outcome of carbon tax discussions. It may be unrealistic to expect the financial sector, including insurers, to deliver solutions within this framework.

In the UK, there is growing consensus that the issues of waste disposal and management – the “back end” of nuclear power generation – need to be resolved in some way before further investments in stock can be justified. The current role of the insurance sector with regard to the nuclear sector appears to be rather limited. It was felt that the main contribution of the insurance sector would be in terms of advice relating to general safety management and issues of human error.

If the insurance sector had engaged “early”...

One of the conclusions of the first INTEREST workshop was that the role of insurance with regard to innovative technologies was not so much in the R&D phase as in the more downstream processes of demonstration, adoption and diffusion of new technologies. It was recommended however that insurers get involved earlier in the R&D process, as there are clear benefits for developers in getting feedback on what types of insurance would be available in the future.

The reluctance on the part of insurers to engage with the early R&D phases can be explained partly by the fact that insurance companies are businesses, with short-term profit motives and perhaps few resources for involvement in activities where the benefits would be further away into the future.  It could also depend on the nature of the research and development, with insurers reluctant to get involved with new technologies whose applications could complicate identification and definition of the “triple trigger”. This trigger – determining when an event happened, what caused it, and when the damage was discovered – is important for establishing which insurance policies, if any, are applicable. With nuclear power, and many other reasonably new technologies, it is often difficult to even define an ‘event’ – there is too much scientific uncertainty and dispute as to which level of radioactive release should qualify as a damage event. In such cases, the State acts as insurer. This often happens in the case of nuclear power, especially when decommissioning of waste is concerned.

Finally, insurance should not be presented as a one-stop solution.  The scope for insurance, and the willingness of the insurance sector to insure, might increase with advances in nuclear fusion technology. 


6. INSURANCE MECHANISMS AND SUSTAINABLE INNOVATION

6.1 Case Study 4: The Nymphea Project

6.1.1 Introduction

The Nymphea Water project attempts to tap water resources from submarine freshwater springs. The project relates to sustainable development in different ways, as it is thought that it will have a major positive impact on local economies and social context while mitigating the adverse environmental impacts associated with water scarcity.

The project also raises a number of insurability challenges. As with all innovation, the lack of historical data and feedback impede the traditional actuarial approach of insurance, to the detriment of the innovation process. The possible underperformance of a new technology entails financial consequences that could affect the business plan, endanger third party involvement and undermine the entire development.

In order to insure this kind of project, the traditional actuarial approach needs to be replaced by a factual approach, based on industrial and scientific risk assessment. New insurance products, underwriting behaviour, and risk management tools need to be employed.
The Project

Nymphea Water is a subsidiary of GEOCEAN, a specialist in offshore operations, and was created in 2000 to exploit submarine freshwater springs through the construction of ‘sea domes’ to extract the freshwater. While the phenomenon of submarine freshwater has been known since antiquity, few attempts have been made to tap this resource. It is a research and development project – industrial implementation will only take place once exploration and construction have been completed. About 42 countries, mostly around the Mediterranean, have been deemed favourable for commercial investigation as they have potential sub-sea springs and regularly suffer freshwater scarcity.

The Nymphea Water commercial approach is based on a self-financed exploration stage, in exchange for obtaining the exclusive rights to explore and exploit the localised springs. Regional projects will be designed taking into account the industrial corporate culture of the holding as well as local constraints, partners and facilities. The project, supported financially by the French government with three successive loans, is innovative in concept and method. Also, throughout the research and development phase, Nymphea gathers existing necessary competencies and technologies, not only for tapping freshwater but also for related skills facilitating localisation, access and assessment of spring fields.

Current role of insurance
Insurers have cultural as well as technical difficulties in considering and assessing the risks associated with innovation, regarding it primarily as an uninsurable entrepreneurial risk. 

The insurance sector is characterised by ex post evaluations of risk, which by definition cannot be applied to innovation. Even where innovation consists of a new combination of established techniques, the exact outcomes and potential effects are nonetheless without precedent. Insurers cite a lack of experience as a reason for avoiding a proactive stance toward innovation.

However, underwriting is possible even without actuarial data, such as in large, novel engineering projects (e.g. the Channel tunnel) or in some instances where the State has mandated insurance for certain activities or areas (e.g. leakage from underground chemical tanks). One obstacle lies in extending these non-actuarial risk assessment methodologies to smaller-scale companies, which may have more scope for innovation.

6.1.2 New Tools for Risk Assessment

As the actuarial approach is largely unsuitable for assessing the risks of technological innovation, the key point is whether it can be substituted by a factual approach, based on industrial and scientific methodologies. Such methodologies are already used to manage safety systems in certain sectors, such as nuclear, aerospace and other emerging sciences – which are often the recipients of State support, or the domain of large companies commanding great financial and technical resources.

Risk assessment, as an initial step to define underwriting and contractual parameters (e.g. premium, cover and loss limit), should encompass all aspects of the project: finance; technology and techniques; sub-contractors; management team, etc. A trust-based partnership between the insurer and the insured will not only optimise the client’s risk management behaviour, but will also underpin overall business and project management. Such a partnership will also be crucial during potential claims handling or in crisis management.
Technological Performance Achievement

A ‘Technological Performance Achievement’ (TPA) is a new form of cover suggested for application to technological innovations. The scope of the TPA was tested in the French robotic sector market between 1993 and 1995, on about ten innovative processes developed by the French company GAN. Underwriting was based on confidence in the reputation, know-how and reliability of the insured party.

The method employed to develop such a cover is a bottom-up analysis to investigate typical failure paths of all the components of a system. Three tables were used in the Nymphea Water study:

· a gravity table;

· a probability table; and

· a criticality table.

The gravity table indicated the level of seriousness of any identified failure consequences, with level 1 being unimportant, through to level 4 which is classified as highly important. The probability table defined the likelihood of investigated failures. Rather than using exact probabilities, these were also divided into banded classifications covering the range of probabilities. The criticality table combined the probabilities with their gravity, for a risk estimation of the different consequences.

This method was used to evaluate the ‘sea dome’ of the project. Identifying the consequences of different failures and their probabilities helped assess the financial and overall impact on the project as a whole from different failures, and resulted in a set of recommendations enabling improvements and refinements in its design.

This scientific risk assessment can serve as a basis from which SMEs can set up relevant integrated risk management procedures to run the project and prevent involuntary failure. Underwriting technological performance achievement not only provides coverage but also addresses the crucial need for the SME to demonstrate its credibility and solvency when scrutinised by clients, banks, financiers, and, possibly, state innovation agencies.

Even in the absence of hazard, this guarantee is justified because of the symbol it provides for concerned parties. For example, it could improve capital risk and current asset management, and facilitate access to market bonds and corollary financial insurance guarantees.

6.1.3 Implications for Sustainability, Innovation and Insurance

Sustainability

Water in the Mediterranean countries is scarce and unevenly distributed in space and time, and under growing pressure. Large withdrawals are linked primarily to increased irrigation and the demographic growth in the southern and eastern Mediterranean countries (SEMC). According to Plan Bleu data6, eight of the 12 SEMC countries now use more than 50 per cent of their renewable water resources annually, and two of them are using more than 100 per cent.

In this difficult situation, some countries abstract water from non-sustainable fossil water aquifers or over-abstract renewable underground water, possibly causing irreversible ecosystem and aquifer degradation by more frequent saltwater intrusion. The public is becoming more aware of scarcity issues, and in a number of areas the risk of conflict is increasing.

Nymphea could be an economically viable alternative to conventional water resources in coastal zones, facilitating or enabling freshwater access to areas that otherwise would not be supplied. The project should have a major positive impact on local economies and the social context, while reducing the overall environmental impact associated with water consumption. 

It is expected that the project will have a positive impact on income generation and job creation, through the development and diversification of local activities; on improving hygiene and quality of life by supplying basic public services such as purified drinking water; and it could perhaps even help to decrease the risk of conflict in certain regions by reducing the pressure on water scarcity.

However, it would be necessary to investigate the ecological impact of the underwater installation and in particular of the predicted associated increase in local salinity.


Innovation

Much innovation is driven by small and medium-sized enterprises (SMEs). Innovation proceeds by anticipating and matching the (possibly latent) expectations of potential markets, users or industry. Both the demand and supply sides have an interest in the success of an innovation.

The scope for innovation may contrast with the weakness and inexperience of the SME, raising issues of credibility and solvency from the perspective of the market, financiers and investors. Due to its structural financial vulnerability, young SMEs are eager to launch innovative products and maintain independent R&D leadership. Therefore, innovative processes based on technological progress tend to pass directly from the research stage to the commercial or industrial sphere.

However, in applying the prototype, further development might still be necessary, as the innovation can only be properly tested and validated by the ‘real’ market. Any difficulty occurring at this stage may have important consequences for the innovative process as well as the viability of the SME.

Various stakeholders intervene at different stages to turn the project/product into reality. While the innovating company and the State are likely to support and fund early stages of development, production and commercialisation phases also need financial resources, from current assets and venture capital through to strategic investors. The crucial transition from prototype to commercialisation requires the build-up of confidence in the innovation, with which the insurance sector could assist.
Insurance

At the recent annual Monte Carlo Reinsurance meeting, a major broker and risk management advisor commented that:

“we find that moving from a more tactical or market-driven approach to risk (focusing too much on historic insurance treatment) towards a more strategic view of risks, old and new, can lead to more creative, unique solutions that will engage the attention of senior underwriters and unlock capacity that may not be available through a conventional programme” 
.

Shifting from tactical to strategic behaviour is the key to engaging the insurance sector in innovation research and development. To a certain extent, this shift has already occurred in the investment side of insurance, but as noted, investment activities tend to be disconnected from the underwriting aspects of insurance.

The Technological Performance Achievement is likely to increase the role of the insurer, who could eventually become a proactive partner in project management rather than just a service provider. The insurer would then become an active party fostering innovative behaviour and businesses working towards success. Not only will the insurer cover the consequences of failure, but they will also have the ability to prevent project failure in the first place.

While the risk assessment methodology employed in the Nymphea project is replicable, in theory, the major barrier to its wide uptake is the conservative nature of much underwriting activity and insurers’ general lack of interest in engaging with new technologies. Also, the insurance sector is characterised by rapid cycles of expansion and contraction, and the last year has seen a marked reduction in both capacity and willingness to underwrite risks. The current economic circumstances therefore have to be added to the industry’s more prevailing inertia.  

6.1.4 Conclusions

The case study casts light on a number of the questions raised by the INTEREST project.

Innovation which is assumed to support sustainable development, such as the Nymphea freshwater project, can be supported by adjusting the responsibility patterns vis-à-vis risk between the private and public sectors. As was seen in the case study, innovative processes can be further enhanced by expanding the role of the insurance sector, particularly through support for smaller companies. Not only is the financial assurance vital for many SMEs, but the involvement of the insurers can benefit the actual innovation itself, before it reaches the market, and improve general risk management practices.

However, in order to more actively promote innovation, the insurance sector needs to use a wider set of risk assessment and management tools, as an actuarial approach is not applicable. This hinges to a great extent on the skills and competences of individual insurance companies, and also on the general willingness of the sector to expand business opportunities in this direction. These are important implications for the insurance sector and for future research in the field of insurability, innovation and sustainability, which are discussed in further detail in sections 9.2 and 9.3.

Broadly speaking, the important challenges for the insurance sector in this field concern its willingness to engage early in the innovation process and to form collaborative arrangements with other stakeholders. Identified research gaps of particular relevance for this case study concerned the boundaries between entrepreneurial and insurable risks, and new tools for uncertainty assessments rather than risk estimations.

7. INNOVATIVE RESPONSES TO NATURAL HAZARDS

7.1 Case Study 5: Flood Risks

7.1.1 The Context of Flood Risks

Flood risks, and other phenomena traditionally referred to as natural hazards, make interesting case studies as responses to them – and responsibilities for them – vary significantly between countries. Also, their ‘naturalness’, and therefore to a large extent their predictability, is increasingly reduced, as human activities continue to interfere with the natural system on many different scales, from changing natural habitats and terrain to altering the atmospheric composition and contributing to climate change through the release of greenhouse gases. The INTEREST project focused the discussion on flood risks by looking primarily at the experience of Sweden. This was supplemented by input on recent practice and experience in the UK.

Global property losses from natural disasters have risen by a factor of 10.3 in constant values between the 1950s and the 1990s (Munich Re statistics). Since population has risen by a factor of 2.4 over that period, there is still a factor of 4.3 to be explained. It is attributable to such things as greater assets per capita, more coastal and floodplain developments, and the growing  "compensation culture". Although the weather may not have been a factor, this is already changing.

In the UK, statistics of temperature show a sharp increase in the frequency of "hot" months since 1988, accompanied by an even earlier fall in "cold " months (using the upper and lower deciles to define hot and cold). This means that winters will likely become wetter and perhaps stormier, with more flooding consequently, while summers may be drier, and prone to flash-flooding. The UK rainfall statistics do not show this, but this can be attributed to the fact that rainfall is more regionally variable than temperature; while the overall position may not have changed, the north and west are getting wetter, and the south and east drier. The sort of changes that scientists envisage in UK weather patterns by 2050, could mean sharp increases in the risk faced by reinsurers in particular, as the frequency of extreme events shifts. For example the risk loading for extreme weather might shift by a factor of 9.

Few estimates of the effect of climate change on insurance claims have been made, but the UK official review of Climate Change in 1991 projected that losses might increase by £250 million per annum, or roughly 50%, due to increases in flood, storm and subsidence claims, even after a saving in freeze claims.

7.1.2 The Insurability of Flood Risks

Whether risks are insurable depends on four key technical factors (see section 2.2): the ability to quantify a price; undue influence by the insured party (moral hazard); unequal riskiness (adverse selection); and simultaneous risk (catastrophe). In addition, there are five commercial aspects: government policy; marketing; level of competition; insurer skills; and affordability. These are thrown into greater focus when it is evident that there is unequal (localised) risk, as is the case with flooding.

Government policy on the issue of natural hazards is a key factor. Specifically, if governments decide to cater for them as part of a publicly managed and funded civil defence system, there is little scope for private insurance. As flooding is strongly associated with certain locations and not others, the existence of a public system means that those at risk will not purchase insurance, because they are being subsidised, and those not at risk will clearly not buy flood insurance either. In practice, one often finds a mixture of public and private measures in place, reflecting ad hoc responses to individual incidents.

Marketing is an important dimension, because without adequate distribution and consumer awareness of risk, the uptake of insurance will be low. This is particularly so for an infrequent hazard like flood, where the temptation is to underestimate the likelihood of occurrence.

The level of competition in the market also influences insurability. Where there are many insurers, and minimal regulation, price will be the dominant feature in gaining business, which will undermine attempts to create a stable supply of flood insurance. Supply will oscillate in tune to flood events, and the periods of over-supply will militate against strategies that deal with the underlying physical hazard, because they would require some investment of resources at a time when profit margins are low. This means that flood risks will persist, or even deteriorate. 

Insurer skills can be a material factor in the insurability of flood-prone areas, because relatively small physical differences in location or structure can make a great deal of difference to the actual risk in any specific property.

Finally, the affordability of flood premiums is a problem for high-risk properties. This is because the damage which can follow from a moderate flood can cost many times the level of the average household insurance premium.

7.1.3 The Role of the Public and Private Sectors

Both the public and private sectors deal with flood risks, in precautionary as well as remedial modes, although the majority of precautionary measures are undertaken by the public sector. Examples of precautionary measures are the establishment of rules; institutions; early investment in studies or research on causalities in general as well as local or regional historical impacts; and regulating responsibilities in case of a disaster. Measures to establish and finance weather impact warning procedures and general infrastructure investments are of course also precautionary measures. Remedial measures are both private and public, and concern responses to situations in which damage has already occurred, such as insurance payments or other forms of financial support.

In Sweden, precipitation is rarely extreme in character, but there are severe disturbances from time to time and considerable variation on a yearly basis. However, the country has a good database for historical records, dating back to the 1860s. The last 15 years have been remarkable because of an unusually high frequency of weather-related disaster events, and the year 2000 featured the highest ever recorded precipitation levels, with some major floods. However, rainfall is not the only element causing floods – another important contributing factor has been the release of water held in dams or reservoirs built by hydropower companies, bringing up important issues of liability which are currently debated in the Swedish parliament as well as at the EU level with the draft directive on environmental liability.

Sweden is characterised by a strong planning tradition. The idea that the State should cover losses due to large environmental accidents or hazards such as flooding has a long tradition in Swedish history, and the State also provides much information on flood risks, such as detailed flood maps. On the other hand, the Swedish system is also characterised by a tradition of strong private insurance companies. However, floods are not viewed as a critical hazard for the insurance industry. Even in the exceptional floods of 2000, the total amount of insurance claims came to just around $20 million (based on the claims borne by the two largest insurers, covering 75% of the market).

Household policies include cover for flood as part of a package of risks, similar to the UK approach. The only significant variations are that flood claims are subject to a large deductible of 10% of the amount of the claim, with a minimum of 10,000 Swedish kronor (about $1000), and that there is maximum limit on indemnity of 100,000 kronor (about $10,000) in respect of collapse of dams. Industrial policies may cover flood, dependent on the individual circumstances, but here collapse of dams is generally completely excluded (Axco, 2001).
Precipitation patterns in the UK are not dissimilar to those in Sweden, but responsibilities for risk management are very different. The UK approach to flood risk relies heavily on the insurance sector. As a result of government pressure, UK insurers agreed in 1961 to give virtually universal flood cover, and the risk is incorporated into a package of risks to property, with minimal variations in premium rates. This was copied over much of the rest of the British Commonwealth. The system applies to domestic policies and small businesses; large businesses are dealt with on an individual basis to reflect their unique risks.

Following the severe flooding in Autumn 2000, with £700 million of insurance claims, it became evident that this simple system was not tenable. Many affected people were uninsured, or under-insured, so that they were not fully compensated. In some instances the flood defences were not strong enough, or the risk had been increased by lax control of flood plain development. A novel feature was that many claims were due to inadequate drainage systems, rather than the overflow of watercourses.

7.1.4 Opportunities and Constraints for Insurance
Insurers can look at the problem of flood as one of reducing their liability. This might lead to the result that they simply modify their contracts with the property-owner, rather than addressing the underlying risk. In the extreme case, they would simply avoid high-hazard areas, and the media have recently highlighted the decision by a new e-trading UK insurer to avoid areas of high flood risk. In principle, it would be more beneficial if insurers did help to reduce the risk rather than leaving it for others. Traditionally, insurers have used four strategies to deal with underwriting problems. The actual mix will reflect a variety of factors, such as the nature of the market regulations, the prevalence and scale of the problem, and how quantifiable the risk is. 

The strategies for underwriting problems are: 

· Limit the risk: by selective underwriting, avoidance, or the use of limits or high deductibles such as in Sweden. This is generally unpopular with customers and policymakers, but in the case of flood risk it may be inevitable. Providing advice on risk reduction is also an option, but usually it is not practical on a site-specific basis for the mass market.

· Control the damage: there have been great advances here, with the introduction of telephone helpcentres, and the creation of networks of approved repair contractors. However, it has to be said that the commercial pressure to downsize physical operations and rely on technically unskilled operatives could create problems in future disaster events. The numerous flood incidents in recent years have also seen the evolution and wide use of better techniques that minimise damage.

· Transfer the risk: traditionally this was effected by reinsurance, but this option is now very much more expensive, and there is less reinsurance available because of the upward trend in disasters generally. Because flood risk is generally not provided by private insurers in the first instance, reinsurance for this hazard is not common, and reinsurers are generally unwilling to provide cover unless it is accompanied by substantial business of a more familiar nature. Recovering the cost of flood damages from another party through a claim for liability is difficult. It is usually a matter of public policy to refuse claims for negligent advice or practice by the public authorities, as would be the case for defective flood defences. However, where a flood occurs after others have previously occurred, with no remedial action taken subsequently, there may be grounds to lodge a claim in liability.

· Charge the correct price: because floods are infrequent, it is difficult to estimate the true risk of the hazard. It is generally reckoned that to estimate a given return period requires historical data for perhaps ten times that period. Furthermore, the risk itself is dynamic due to climate change, which is likely to make precipitation more erratic in future, so that even if the historical data were available, it would provide a biased estimate. UK experience suggests that the loading for flood in an area with a 1% chance of flooding could be 120% of the original multi-risks premium. Clearly this would cause considerable unrest among customers, the media and policymakers, and any insurer moving ahead of the market would risk losing large quantities of business, so insurers are reluctant to pursue such a one-strand line.

The approach of insurers to flood risk is becoming more proactive. Initially, the UK insurance market adopted an inactive approach, simply settling the infrequent claims as they arose, and making little or no use of the information that came their way from claims-handling. As the volume of claims increased and they slowly became aware of the issue of climate change, they moved into a reactive mode, where they began to collect claims data, and communicate their concerns to other stakeholders like regulators, planners, and lenders. Finally, UK insurers have entered a proactive phase, where they are insisting that the flood risk must be recognised and guarded against in the formulation of general regulations, and the approval of specific building projects.

7.1.5 Conclusions

The exploration of flood risks shed some light on the questions posed by the INTEREST project, in particular relating to the opportunity to promote sustainable development through innovative responsibility-sharing arrangements between private and public sectors. 

In order to get the maximum benefit from a proactive insurance stance, there needs to be interaction with policymakers and a willingness to participate in an interdisciplinary process, in which financial concerns need to be blended with a range of other considerations like public safety, amenity and economic development.

Behind the collective position, individual insurers can develop their own particular strategies. For most, this means being more selective in the risks they accept, and formulating new contractual terms for the insurance policies that they issue. A key factor in this is improving the quality of information about the level of risk of individual properties. The UK’s Environment Agency publishes maps on flood risk on the internet for England and Wales, but these are rather vague in their boundaries, and take no account of flood defences or drainage systems. Even this limited action has been criticised, because the inherent inaccuracies have led to "safe" properties being labelled as flood risks, with consequent penalties for insurance terms and even the sellability of the property.

Creating a better database is costly. So far only a very few companies have attempted it, and they are not likely to share their expensive tools with other insurers or stakeholders. Creating a GIS (geographical information system) with accurate heights and property data is only the first step however. This has to be combined with models that simulate floods in order to gauge the potential costs, both for individual locations and in aggregate. Since such simulations are very complex, they are usually only available from specialised companies, who again are not willing to reveal exactly how their models generate their results, because of the high development costs. These "black box" techniques do not inspire confidence in the user community, because currently there are wide differences in the estimates that they yield for flood exposure.

This tension between the roles of the private and public sectors in the provision of risk-relevant information will vary from country to country, reflecting a variety of factors, e.g. the magnitude of the hazard and extent of the private sector role in risk transfer. In the USA and Sweden, the government provides the data on flood maps, while in the UK and Australia the government seems reluctant to be drawn into the role.  

Considering that the flood risk is one which will worsen with climate change, progressive insurers are adopting a far-reaching plan of action. They are seeking to identify the key hazards in more detail, through research and data collection. They are endeavouring to raise awareness in other stakeholders, in particular government, and to work with them to manage weather hazards like flood, and to provide essential cover and recovery services, by refining existing processes, or innovation. Where they deem that the risk is too great to carry themselves, they can still provide administrative services for a fee in order to deliver an efficient risk management system, as happens with the National Flood Insurance Program in the USA.

This is of course all concerned with adaptation, in the IPCC terminology, rather than mitigation. By improving their environmental management internally, and by ensuring that their investments support climate-friendly activity, they can also play a part in slowing the process of climate change. The most active companies have also taken this beyond the level of national action, and lobby policymakers at the international level through bodies like the UNEP Financial Services Initiatives and the World Business Council for Sustainable Development for the adoption of a longterm political framework like "Contraction and Convergence" to succeed the Kyoto Protocol .


8. CASE STUDY CONCLUSIONS

8.1 Overview

In this section, we report broad findings from the project relating to each of the basic objectives of the INTEREST project: 

· to identify opportunities for promoting sustainable development through innovation by adjusting or sharing the responsibilities of private sector actors, regulators and policymakers.

· to establish how sustainable development innovation can be promoted using risk management mechanisms from insurance, such as risk assessment, loss prevention etc., in other domains.

· to establish how and to what extent sustainable development innovation can be promoted by the insurance sector using a wider set of tools, such as technology assessment,  to improve its capacity to manage novel risks.

· to explore policy options for the complementary use of insurance-related and other risk management mechanisms.

Sections 8.2 – 8.4 cover the first three points above. Coverage of the fourth point is subsumed in sections 8.2 and 8.4. 

It should be noted that the responses to these challenges dependent greatly on context. The specificities of individual case studies will have a great bearing on the conclusions. Equally, legal, political and economic culture in a country will also greatly affect the outcome. Nevertheless, this section sets out some broad generic conclusions regarding each of these objectives. Section 9 moves on to provide some guidelines for moving forward.  

8.2 Sharing Private/Public Sector Responsibilities

The issue of shared responsibility between the private sector (insurance companies) and the State permeated almost all of the INTEREST case studies. The following broad conclusions can be reached. 

The State has a key role to play in defining the role which insurance plays in managing risk. The legislative/regulatory framework is one of the main determinants of the insurability of risk identified in section 2.2.

The sharing of private/public sector responsibilities is a particularly difficult and sensitive issue in relation to novel technologies whose sustainability is contested. The State may wish the insurance industry to take on certain risks, while the industry itself believes the risks to be beyond the frontiers of insurability. Critical here is the precise nature of the liability regime which the State puts in place. Broadly speaking, limited liability and restrictions that exclude liability if technology developers followed applicable regulations and operate on the basis of the best available scientific knowledge
 will increase the likelihood that risks are insurable. However, such actions have wider implications for innovation incentives and the risks borne by the State and third parties. The determination of such policies may be highly political in character. This issue is discussed further in section 9.1.3 below.

At other times, the State may wish the insurance sector to step back from risk management. This has been the case in relation to the management of flood risks in the Netherlands where the political intention was to reinforce the role of the State in relation to loss prevention. It is also the case that the role of insurance may need to be limited, and the compensatory role of the State increased, if a high priority is attached to social equity. The insurance sector will price risks according to the probability of the insured events occurring and the magnitude of the associated losses. This may place insurance beyond the reach of lower income households. In this situation, socially equitable compensation packages may need to be put in place by the State. The negative consequence of this is that loss prevention activities are likely to fall below the economically efficient level.

8.3 Wider Use of Insurance Mechanisms

The project has provided a little insight into the wider use of insurance mechanisms, such as loss prevention. 

In one sense, the State is already involved in loss prevention activity particularly in relation to exposure to natural hazards such as earthquakes or flood risks. The State might be able to learn from the insurance sector by adopting a more systematic approach to integrating policies which promote loss prevention. The flooding case study demonstrated how flood risks could be managed by co-ordinating land-use planning, flood prevention investments, liability regimes and public sector compensation schemes designed to protect vulnerable householders on lower incomes. This co-ordination of policies promoting loss prevention is done more or less well in different countries and under different circumstances. It has to be acknowledged that the formulation of such policies can have an intensely political character and will be influenced by cultural perspectives on goals such as economic efficiency and social equity.

The submarine freshwater springs case study showed how insurance mechanisms could be used to underpin the development of new technologies by covering the associated technological risks. To a large extent, this type of activity could be followed up by the insurance sector itself without State involvement (see 8.4 below). However, if the State is already promoting sustainable technology by using support mechanisms and information/awareness campaigns to overcome “ access to capital” and information barriers to technology adoption, the insurance sector could play a complementary role by helping to overcome risk-related barriers to technology adoption. These possibilities are discussed in more detail in Section 9.1.2.

8.4 Using a Wider Set of Tools in the Insurance Sector

The project has identified considerable scope, at least at the theoretical level, for the insurance sector to use a wider range of tools for assessing and managing risk. However, it is evident that the immediate prospects for this are much more limited. 

Any significant expansion in the boundaries of insurability needs to be underpinned by two developments.

First, there would need to be a greater interest on the part of the sector in the upstream stages of the innovation process. Currently, the insurance sector becomes involved only when innovation has reached the demonstration/diffusion stage and patterns of technological innovation have become “locked-in”.  By getting involved earlier in the process, the sector would be better placed to understand the risks associated with novel technologies. More speculatively, if it were prepared to influence the development of technologies before “lock-in” occurred, it would have an opportunity to prevent future losses and increase the likelihood that associated risks would fall into the insurable category. The tools that might be used include risk assessment and technology assessment tools traditionally used in the public sector. As the GM crops case study demonstrates, it is also clear that the technological risks associated with innovation may be amplified by public perceptions of the issues at stake.  This in itself could affect the insurability of the risks associated with new technologies. The use of tools such as “participatory technology assessment” could help the insurance sector gain a better understanding of risk amplification and its impact on insurability.

Second, there would be a need to for the sector to acquire greater understanding of the technologies it insures, either through recruiting qualified staff or through procuring suitable technical consultancy services. The submarine freshwater springs case study showed how a more detailed technical understanding of technologies at the demonstration/diffusion stage could allow technological (but not entrepreneurial risks) risks to be covered in ways that have not been previously possible. The need here is for the use of tools, such as the “fault tree” analysis used in the Nymphea project, which allow risks to be assessed ex ante as opposed to ex post through actuarial methods. 

The second type of development is perhaps easier to foresee than the first. Acquiring a sufficient degree of technical expertise would be a considerable step forward for many actors in the insurance sector, but it need not involve the sector moving beyond its traditional interest in the diffusion and application of technologies. To move upstream in the innovation process would require a more profound change which is difficult to foresee in the post 9/11 context.




9. IMPLICATIONS OF THE RESEARCH 

9.1 Policy Implications

9.1.1 Overview

Three distinct roles have been identified for insurance in relation to sustainable innovation. These are:

· underpinning the development and deployment of technologies which manifestly promote sustainability by helping to manage technological risks and to provide a more secure financial framework for innovation; 

· regulating the rate and direction of innovation associated with radical technologies which have potential impacts on the environment or third parties and whose sustainability is contested; and

· promoting innovative solutions for managing the risks associated with natural hazards.

In this section, we draw out the implications of policy-makers in each of these three areas. From sections 5-7 of this report, it is evident that the appropriate role for insurance is case-dependent and is conditioned by legal, political and economic factors which will vary from one country to another. This section does not therefore propose any universal prescriptions. Instead it suggests:

a) means by which policy-makers can identify circumstances in which the role of insurance-related mechanisms should be considered; and 

b) pointers as to how insurance-related measures, and associated policy mechanisms, might be used to pursue specific policy goals.

9.1.2 Underpinning Sustainable Innovation

It is well established that there are market and other barriers to sustainable innovation. A recent Framework V Project focusing on the uptake of energy efficiency measures, The BARRIERS project,  (Sorrell, 2000) found that there were four main barriers to the uptake of technology. This project looked at energy efficiency in three sectors (brewing, mechnical engineering, higher education) in three EU Member States (Germany, Ireland and the UK). The four barriers were:

“hidden costs”. These are costs associated with the implementation of technologies which are not usually taken into account explicitly in assessing the economics of a project. Examples include the cost of management time, information and monitoring costs etc. Hidden costs are unavoidable, although there may be means of containing them. There is little that either government action or private sector support can do to overcome this barrier.

access to capital. Sustainable innovation is often blocked because of difficulties in getting accessing to internal company capital or raising additional capital in the market. The State has a role to play here by leveraging capital resources through tax allowances, low interest loans or capital grants.

imperfect information. Potential users may not always be fully informed about the technical or economic performance of innovative technologies. Again, there is a role for the State in terms of raising awareness and disseminating information about the performance and implementation of innovative sustainable technologies. 

risk. The final barrier is the risk (real or perceived) associated with the adoption of new technologies. Technologies may fail and, as well as the direct costs of repair (often borne by the supplier), there may be consequential losses associated with business interruption or the acquisition of alternative services. The State is usually averse to calls on public resources which are of an uncertain nature and hence the technology adopter must usually bear the risks. Here, there may be a role for the insurance sector in underwriting technological risks in ways that would reduce barriers to innovation.

The Nymphea project described in Section 6 illustrates how innovative insurance-based mechanisms can be used to deal with technological risk. This will normally require the insurer to gain knowledge of the technologies involved and reach some ex-ante assessment of the risks involved, as opposed to an ex-post assessment based on actuarial calculations. The Nymphea project has demonstrated that such an approach is feasible.

The fact that three of the four barriers to sustainable innovation identified above could be addressed by a mixture of measures adopted by the State on one hand and the private sector (insurers) on the other highlights the challenge of concerted public-private action to promote sustainable innovation. It could be envisaged that coherent packages of support could be developed that involved awareness and information (the State), capital support (the State) and risk management measures (insurers). Intermediary bodies could help to provide a one-stop shop for companies seeking such packages of support. Bodies such as the newly created Carbon Trust in the UK have recognised the importance of risk factors and could be imagined developing such a role.

9.1.3 Contested Technologies

The GM crops, xenotransplantation and nuclear power case studies described in Section 5 have clearly demonstrated that insurance and liability regimes can shape the direction and speed of technological innovation. Policymakers need to consider carefully the role of insurance when:

a) the development or application of a technology has potential consequences for third parties; or

b) when a technology has potential environmental or health consequences which the user or technology supplier could be legally responsible for preventing or remedying.

The draft EU Directive on Environmental Liability clearly falls within scope.

In considering the role of insurance, policy-makers need to have cognisance of wider factors. For example, the legal form of the limited liability company already provides some indemnification against entrepreneurial risk by limiting the liability of shareholders to the level of the funds they have invested in a company. Investors in a failed company can lose their investments, but creditors cannot recover their losses by pursuing investors’ other assets. Also, the transaction costs associated with the legal processes needed to enforce liability may be very high and undermine the efficiency of an insurance-based private sector approach. 

In considering the role of insurance in any particular domain, policy-makers could have a number of objectives in mind. They could seek to:

· encourage insurance companies into the “risk market” so that the State, organisations and individuals do not bear all the risks of the innovative activity;

· reduce barriers to innovation by transferring risks, without compensation, to third parties. In a sense, the limited liability company already fulfils part of this function;

· encourage responsible behaviour on the part of technology developers;

· encourage precautionary patterns of behaviour by assigning all risk to technology developers;

· encourage loss prevention activities; or

· promote equity between different types of organisation or groups of citizens.

It is clear that there are tensions, and even direct conflicts, between these different goals. Trade-offs will need to be made. And different goals may be pursued by different parts of the government system.

In considering options, policy-makers will need to have cognisance of how the basic “rules” of insurability set out in section 2.2, will determine how the insurance industry will respond to the liability regime established under legislation. Insurance companies need to be able to characterise risk sufficiently to price insurance, insurance needs to be affordable by technology developers and the risk must not be so large as to challenge the risk transfer capacity of the industry as a whole. 

The following table shows a set of measures that policy-makers might take and maps them against the broader policy goals listed above. In general, establishing a liability regime could have different consequences depending on the intrinsic insurability of the risks at stake. If the risks are insurable, a liability regime will allow technology to move forward while encouraging the mitigation of societal risks through loss prevention activities. If the risks are uninsurable, then establishing a liability regime will simply block the path of technology development. In practice, the precise form of liability (strict, fault-based etc) will affect the insurability of the risk. This needs to be carefully considered by policymakers.

It should be noted that higher-level bargaining between the State and the insurance industry has, in the past, affected the willingness of the industry to insure risks in practice. For example, bargaining has resulted in the insurance sector providing insurance against the direct losses suffered by nuclear operators (but not third party operators). In the UK, the agreement to provide cover for flood losses has partly broken down due to what the industry sees as inadequate loss prevention activity on the part of the State coupled with higher flood risks due to climate change.

Table 4: Mechanisms for Insurance and Technological Risk

	Insurance-related Policy Option
	Consequence

	Mandate insurance
	This will protect third parties against loss, promoting social equity, but will possibly create a barrier to innovation

	Prohibit insurance
	This extreme measure will strongly encourage loss prevention activities. 

	Establish a strict liability regime
	Depending on the intrinsic insurability of the risk, this may create a strong barrier to innovation and will certainly encourage “precautionary” patterns of behaviour

	Establish a fault-based liability regime
	This will encourage technology developers to behave responsibly within the limits of what is permitted under law and what is known according to the scientific state-of-the-art. It will allow risk to be passed on to third parties, and thus promote innovation, to the extent that legislation/regulation allows

	Establish a regime without liability
	This will provide a major encouragement to innovation by assigning development risk to third parties

	Limiting liability
	This will encourage insurers into the market by reducing the need for risk transfer. It may also encourage technology developers to actively reduce the likelihood of major impacts on third parties 


9.1.4 Loss Prevention and Natural Hazards

The flooding case study described in Section 7 shows how the public policy framework can affects the insurability of risk with respect to natural hazards. For major hazards (such as earthquakes), the risk transfer capacity of the global insurance industry is a key determinant of insurability. The degree to which the State will step in and act as the insurer of last resort above a certain level of loss is also critical.

As the flooding case study illustrated in the case of Sweden, the State has a key role to play in terms of loss prevention in relation to natural hazards. In the Netherlands also, the State acknowledged this role by prohibiting flood insurance. In the UK, the continued provision of flood insurance has depended on the degree of assurance felt by the insurance industry that the State’s loss prevention activities are adequate.

A carefully designed liability regime/legal framework has the potential to encourage innovative approaches to loss prevention. Innovation might come through technological means (flood barriers, early warning systems, improved risk assessments) or through management improvements (protect or retreat policies).

A key issue in striking a balance between the activities of the State and the insurance industry is the degree to which social equity considerations are factored in. Market forces prevent insurance companies from cross-subsidising more vulnerable people or those on lower incomes. The State can act to address social equity, though it should avoid discouraging loss prevention actions as the result of policies it puts in place. It must be borne in mind that the insurance industry need not bear risk alone. The State itself can bear risk, individual groups can bear risk (self-insure) or groups of organisations can pool their risks. Such mutual arrangements lie at the origins of much insurance activity.

9.1.5 Broader Criteria for Policy Action

In the end, the role that the State is likely to assign to the insurance industry very much depends on higher level political considerations. This issue is addressed squarely in the European Commission statements on the application of the precautionary principle discussed in Section 2.4.3.

A key issue is that it is not only the level of risk that matters, but also the distribution of risk across different groups within society – technology developers, stakeholder groups and the State itself. Insurance provides a particular way of transferring risk where all the parties participate voluntarily through market transactions. The State has the political legitimacy to expand the scope of risk transfer so that certain groups take on risks involuntarily. Assigning a greater role to insurance mechanisms would, in one sense, reduce the scope for risk transfer. In general, this would work against innovative activity while encouraging more precautionary approaches.

Key high-level questions for State action include:

· what balance is to be struck between the positive externalities of innovation and any negative externalities in terms of third parties or the natural environment?

· what is the wider social propensity for risk-taking, as opposed to risk-averse, behaviour?

· what level of residual risk is the State prepared to bear? What risk is it prepared to transfer to specific stakeholder groups?

· what is the social acceptability of risks (or perceived risks) to stakeholder groups?

There is no simple answer to these questions. To go back to the starting point, the appropriate role for insurance will be case-dependent and will inevitably be conditioned by aspects of legal, political and economic culture.

9.2 Implications for the Insurance Sector

9.2.1 Overview

In an age of increased awareness of the potentially huge losses associated with natural, social and technological disasters, and arguably a more risk-averse general public, States are often keen to restrict their own risk management responsibilities at the same time as the insurance sector is limiting much of their risk coverage in traditional areas.

The insurability of risk, one of the key underpinning concepts of the INTEREST project, is therefore becoming an ever more important public policy issue, with States often taking on the role of insurer of last resort. There are a number of formal insurability criteria (section 2.2), but the uninsurability of a risk can essentially arise from three situations: the insurance product cannot be made available; it does not offer adequate coverage; or it is not affordable (Holsboer, 1995). Clearly, a number of subjective factors influence insurability. The project has also noted how uncertainties can be turned into risks and be managed through the application of insurance (e.g. the risks of burglary, land subsidence, or underground chemical containers), which points to the possibility of a much more proactive role for the sector in managing the uncertain effects of many novel technologies.

The case studies examined in the INTEREST project helped identify three major roles for the insurance sector in relation to sustainability innovations. The insurance sector, and more extensive use of insurance-based mechanisms, can facilitate the development and deployment of technologies which promote sustainability by managing technological risks and providing a secure financial framework; it can influence the rate and direction of innovations whose sustainability is contested; and it can promote innovative solutions for managing the risks associated with natural hazards.

This section will outline a number of key areas where action could be taken by the insurance sector to further the sustainability agenda.

9.2.2 Areas of Insurance Sector Action

The nature of the industry
The organisation of the insurance industry influences its willingness and ability to engage with the sustainability agenda. The fragmented nature of the industry, at least as far as underwriting activities are concerned, and its short-term outlook are both obstacles to involvement in such issues and concerns.

However, there are a number of things the sector could address. The disconnection between investment and underwriting activities of the sector has been observed, and deserves further exploration. Not only could investment policies be aligned with sustainability principles, but the sector could also benefit from an enhanced linkage between these activities, for example in the case of property investments and flood insurance policies.

Specific actors within the insurance industry may be interested to explore the potential for underwriting sustainable technologies. Insurance brokers, for example, tend to be on the look-out for new markets.

Also, the reinsurance industry, which has not been specifically examined by the INTEREST project but which has a crucial role to play in terms of providing financial capacity to the insurance sector, is much less fragmented, internationally organised and better resourced. It may therefore be more suited to engaging in sustainability activities or higher-level strategic initiatives. 


Embracing the CSR agenda

Sustainability is increasingly recognised as an important issue by the sector, and there is increasing activity in the field of corporate social responsibility (CSR). The insurance sector has started to publish environmental reports, addressing issues such as resource depletion, climate change, poverty and catastrophes.

Many of these issues represent potential markets for the sector, for which there is huge potential for expansion, particularly in the developing world. While some countries, such as the UK, are heavily insured, the global picture is very different, with 80% of global catastrophe losses currently uninsured. The insurance sector has been reluctant to exploit these markets, and more collaborative arrangements with other actors, from whom the sector could learn, would facilitate such developments. For example, the Grameen Bank in Bangladesh has introduced innovative forms of micro-credit, to much success, but as yet no insurance equivalent exists.

Engaging in innovation

The most prominent role of insurance with regard to the innovative process is likely to remain in the ‘downstream’ stages of demonstration, diffusion and adoption. Innovation tends to be regarded as incompatible with insurance, as traditional insurance methods rely on actuarial data to calculate premiums. However, the INTEREST project has identified several cases where the lack of actuarial data did not hinder the development of insurance products, and the Nymphea project has demonstrated that the insurance sector can get involved in the more ‘upstream’ research and development phase.

Insurers are often reluctant to engage in the ‘upstream’ aspects of research. Engaging ‘upstream’ may be of more interest to the investment side of insurance, rather than the underwriting branches, but such activities could also link the two functions in beneficial ways.

Innovation studies highlight the importance of early choices in technological developments and their influence on the establishment of technological trajectories. Innovation is also seen as an interactive process of a collective character. Insurers could enhance their role in that process by taking a more proactive role in R&D activities, and act as an important sounding board for innovators, providing useful feedback and insights on risk. Involvement in the R&D phases of sustainability innovation would promote development and uptake by helping to manage technological risks as well as providing developers with a more secure financial framework.

However, there may be a need for the sector to enhance skills and competences in order to create new markets in this way. Other barriers to the sector engaging earlier in the innovation process are first, the blurred lines between entrepreneurial risks and the risks associated with innovative technologies, and second, the issue of liability. The scale of potential liability is increasing in time and space, as exemplified by the claims relating to asbestos/asbestosis. Placing temporal or spatial limitations on liability, or writing claims-made liability policies, could help insurers overcome their ‘fear of the unknown’ related to new technologies.

Participate in sustainable development fora and debates

The insurance sector is a stakeholder among others in society. By participating more broadly in sustainable developments fora and debates the insurance sector could best realise its potential to influence the rate and direction of innovation associated with novel and emerging technologies, particularly where their sustainability and potential effects are contested.

The case studies on GM crops, xenotransplantation and nuclear power demonstrated that while these are areas that the insurance sector is generally unwilling to insure, unless liability is clearly defined and limited, the sector could contribute to the broader societal debate and help identify technologies with potential for early closure of socio-technical choices, through its expertise in risk assessment, management and communication. 

While the INTEREST project concluded that participatory technology assessment may be of limited value to the insurance sector, as they tend to be applied to technologies with effects so uncertain and contested as to render them uninsurable in any traditional sense, the insurance sector would be a useful participant in such assessments. Insurers could aid the development of new decision-making processes by contributing more actively with their expertise in the assessment, management and communication of risks.

Disseminate knowledge and information

The insurance sector possesses considerable expertise in many areas relevant to sustainability. The case study on nuclear power generation highlighted the role of systems failure and human error in causing accidents. The insurance industry would be well placed to advice on general and safety management issues.

In terms of natural hazards, the examination of flood risks pointed to the role of the insurance sector in identifying societal vulnerabilities. The sector often possesses detailed risk information, used to differentiate premiums, which could be also be used to inform sustainable planning developments.

However, this area is not entirely unproblematic – access to information can be a sensitive issue, particularly when such information has clear financial and distributional consequences, as in the case with flood maps which directly affect property values.

Engaging in foresight activities

The need for a long-term perspective has been emphasised several times during the course of the project. Insurers appreciate this when examining the past records which form the basis of their actuarial data. However, looking forward in time – engaging in foresight or horizon scanning activities – is also important, and anecdotal evidence suggests very few reinsurers, and even fewer insurers, do this in any systematic way. 

Foresight activities could help identify future risk issues – the asbestos or BSE crises of the future – associated with novel technologies, such as mobile phones. Also, examining potential risks in a structured fashion would also help identify different imaginable loss scenarios, which would be beneficial as many large insurance claims stem from previously unimagined sequences of events.

Collaborate with the public sector

Collaboration with the public sector, and other stakeholders as appropriate, is fundamental to the promotion of sustainability innovation and managing the uncertain and contested effects of novel technologies, as well as extending insurance products to certain new markets. Interdisciplinary approaches are seen as crucial to the success of sustainable development strategies and agendas in general.

More specifically, collaboration between insurers and the public sector could also be very useful for developing effective loss prevention strategies. The insurance sector cannot legislate behaviour or impose conditions, for example relating to flood plain developments, to the same extent that States can, yet possess valuable expertise and information on risk issues which could benefit society as a whole.

9.2.3 Conclusions
A common theme running through the majority of the identified areas of action is the need for more collaborative arrangements between the insurance sector and other stakeholders. An overriding issue then becomes the willingness of the insurance sector to participate in such collaborative arrangements and its overall interest in the sustainability agenda.

The willingness of the sector to expand the set of insurable risks can be enhanced by external and internal measures in different areas, such as the four broad insurance strategies for dealing with underwriting problems: limiting risk; controlling damage; transferring the risk; and charging the correct price. The many uncertainties associated with the effects of novel technologies make it very difficult to charge the correct prices, and the transfer of risk has become more expensive as the increase in insured disasters has reduced the amount of reinsurance available. Risks can be limited by avoiding them altogether, by employing selective underwriting or by advising on risk reduction, but in contracting insurance markets the latter is a less popular option.

An assumption running through the project has been that it is in the self-interest of insurers to help minimise (insured) loss of physical assets and damage to the environment and to maximise human safety, however, some argue that while it is clearly in the self-interest of insurers to reduce their own risk, “that is not necessarily the same as reducing the risk inherent in the physical activity, for risk generates business” (Bennett, 1999:199). The difficulty experienced during the course of the project with engaging the insurance sector may also point to the need for other actors – notably the public sector – to take the initiative and set favourable conditions for encouraging the insurance sector to expand its underwriting activities.

9.3 Research Implications
The INTEREST project identified five main areas of research priority:

· risk assessment and uncertainty assessment;

· the insurability of innovation;

· foresight/horizon scanning;

· the human factor;

· steering the direction of innovation.

Importantly, these research priorities should not be undertaken by social scientists in isolation, but alongside technological research.

Risk assessment and uncertainty assessment

Many risks are becoming increasingly complex, as unforeseen or even previously unimaginable consequences, and sequences of consequences, are becoming apparent. Examples include the possible effects of living under high-tension lines, using mobile phones, or GM crop contamination.

Risk is the chance of danger, or more precisely a “combination of the probability, or frequency, of occurrence of a defined hazard and the magnitude of consequences of the occurrence” (Royal Society, 1992:4). For risks, defined consequences and their probabilities can be established with reasonable confidence, but as this is not possible for many emerging risks, or the risks associated with innovations, they are better termed uncertainties.

Innovations present us with a dual problem: first, technological innovations have potential effects over which there is controversy and which cannot be resolved purely by scientific methods, and second, technological innovations, and their associated social changes which we cannot imagine in advance, create new power relationships between the actors which have to resolve such controversies. A shift in focus from risk to uncertainty induces a change in emphasis from prevention to precaution, which involves more appropriate procedures for debating and managing contested and uncertain effects than the prescribed methods and regulations of risk prevention.

The insurability of innovation

In theory, innovations are not amenable to traditional insurance solutions, which are based on ex-post evaluations using actuarial data.

Table 5: Insurability criteria and risks from innovation
	Insurability criteria
	Applicability to risks from innovation

	Quantifiable
	No

	Known probability
	No

	Known effects
	Cannot know which events to expect

	Independence of risks
	Innovations characterised by system dynamics

	Affordable premiums
	Risks cannot be calculated, so premiums cannot be set

	Limited human influence
	Technology has an inherently social character

	Public policy…
	…is the current solution


The table above shows some insurability criteria and how they contrast with the reality of innovation, whose potential effects are uncertain and unquantifiable. However, in practice, the insurance sector can and does get involved in a number of ways. In terms of supporting innovation, the distinct functions between the separate insurance activities of underwriting and investment should be explored further. Research and innovation can be broken down into constituent parts many of which are in fact insurable, and insured, such as individual researchers, laboratories and equipment, suppliers, and even prototypes.

The changing boundaries of insurability have been discussed by the INTEREST project, and the important research question here would be to define and characterise the contours of entrepreneurial and technological risk. As the Nymphea project demonstrated, such boundaries can be redefined in order to increase the insurability of technological innovation.

The insurance industry has lots of actuarial data, which could be employed more proactively. Research could establish profiles of the different kinds of industries, innovations, risks and losses. 

Foresight and horizon scanning

The importance of employing a long-term perspective is understood by the insurance sector, in terms of looking at historical records to better calculate risks and premiums. However, looking forward is also important. Research to scrutinise and anticipate new technological developments and associated scientific controversies could help avoid the support and development of technologies with potentially large costs, both from a societal and an insurance perspective.

The human factor

People do not always behave in predictable or expected ways. Adams (1995) talks of risk compensation and a ‘risk thermostat’ – people constantly alter their behaviour in response to new information or regulations related to risk. For example, when the first cars appeared on the market with ABS as an optional feature, statistics showed they had more accidents than the same cars without ABS. Subsequent studies showed that the typical accident was caused by an ABS driver overtaking another car in a tight situation, then pushing in front of the overtaken car while braking hard – only to be hit by the overtaken car without ABS. A measure to increase safety was countered by behavioural changes which kept the overall risk at a constant or even higher level than prior to the introduction of such measures.

Technological innovations assume a certain pattern of future behaviour, or specific socio-technological scripts, which may not realise. More research on human responses to risks and new technologies could improve the accuracy of such scripts.

Steering the direction of innovation

Claims have been made during the course of the project that a greater role for insurance would favour more sustainable investments (see discussion and table in section 9.1.3). For example, it has been argued that had the State not stepped in to promote nuclear technology, renewable forms of energy would have been favoured over nuclear power by the insurance industry, due to the large risks and uncertainties associated with any breakdown or accident of the latter. Empirical research on such technology choices would be useful, to help identify different types of socio-economic incentives for sustainability.
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� 	Coombs et al., 1987 give an extensive overview of the technology push-demand pull debate.


� 	See respectively, Akrich, 1993; Bijker, 1987; Latour, 1993; Law & Callon, 1992.


� 	Dosi, 1982; Nelson & Winter, 1977; Sahal, 1985.   


� The transplantation into humans of organs from other species


� http://www.xeno.cpha.ca/english/finalrep/reporte.pdf


� http://www.deliberative-mapping.org/


� http://www.xeno.cpha.ca/english/finalrep/reporte.pdf


� Profoma for use by applicants to the UKXIRA, reproduced as Annex 4 UKXIRA Third Annual Report, see: � HYPERLINK "http://www.doh.gov.uk/ukxira/ukxann3.htm" ��http://www.doh.gov.uk/ukxira/ukxann3.htm� 


� when taking external costs such as decommissioning and waste disposal into account


6 � HYPERLINK "http://www.planbleu.org" ��www.planbleu.org� 


� Patrick Ryan, AON.


� the so-called “permit” and “state-of-the-art” defences in the draft EU Environmental Liability Directive
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