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IUK - Who are we? 



IUK - What do we do? 

International  
& Assurance 



Onto interdependencies... 
What is the impact? 

“Pothole road is relaid then dug up again a week 

later” 

“Only 30% of all the work that we see on the streets is 

part of a longer term programme.” 

“Dismay as roads are dug up again” 
Notorious Preston junction to be dug up 

again  

Uley road dug up 12 days after resurfacing 



What are we doing? 

Current work on Infrastructure Interdependencies in HMT 

1. Developing an Interdependencies Planning and 

Management Framework  

2. Testing possibilities on infrastructure projects  

3. Sharing potential wins with project teams 

4. Tackling barriers to implementation 

5. Improving appraisal and valuation 



Improving appraisal of systemic resilience and passive provision 

 

How? 

Refresh Valuing Infrastructure Spend supplementary guidance. 

 

Who? 

Civil servants, regulators, academics; economists, engineers 

…you! 

 

When? 

Publication Autumn 2014 

Longer term work programme 

What are we doing? 



John Appleton 

 

john.appleton@hmtreasury.gsi.gov.uk 

020 7270 2751 

 

David Penhallurick 

 

david.penhallurick@hmtreasury.gsi.gov.uk 

Thank you! 
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infrastructure business 
models, valuation and 
innovation for local delivery 

Improving the Understanding of Infrastructure 
Interdependencies 
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Introduction 

Introduce aim and content of this event. Specifically 
to introduce: 

1) “Infrastructure economics” across iBUILD and 
Leeds 

2) iBUILD/Leeds contribution to Strategic 
Infrastructure Interdependencies Valuation 
(SIIV) group  

3) Potential long term contribution of 
interdisciplinary infrastructure economics 
research across iBUILD, Leeds and beyond 
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Context 

• iBUILD/Leeds contribution to SIIV Group 

– Value of “Systemic resilience” 

– Value of “Passive provision” 

• Where in iBUILD and Leeds to look for help? 

• Everywhere …. 
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Infrastructure Economics in iBUILD and 
Leeds 

• Heterodox economics and political economy 

• Financial economics and financialisation studies 

• Ecological and environmental economics 

• Transport economics 

• International Business economics 

• Decision making, risk assessment and project appraisal 

• New developments in economics (e.g. behavioural, 
happiness, complexity) 

• Synergies with Engineering and Environmental science 

 

12 

http://www.esrc.ac.uk/


Infrastructure economics: a useful 
collective term? 

• All can claim to contribute in diverse ways to 
‘infrastructure economics’ 

– Not a branch of economics that is currently 
recognised!  

– Not easily reconciled with standard assumptions 
in economics (Mary’s presentation to follow) 

• Presentations today a subset of full range of 
approaches across iBUILD / Leeds 
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Outputs to be aided by today’s 
workshop 

• iBUILD/Leeds report on Valuing Resilient 
Infrastructure 

• Where appropriate, sections of the report will be 
developed to feed into the aims of SIIV group 

• Report will also mark out longer-term possibilities 
of bringing together infrastructure economics 
research across iBUILD/Leeds 

• Future possibilities for more systematic working 
across academic perspectives and disciplines 

• And for working with and across Govt. (including 
IUK) and full range of stakeholders 
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Future potential 

• Much potential to develop further in time 

• Draw in more fully from Newcastle and 
Birmingham (iBUILD partners) 

• Bring in more fully engineering, environmental 
and social considerations 

• Bring in further stakeholder input 
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The Economics of 

Infrastructure 

Mary Robertson 
(University of Leeds) 
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www.ibuild.ac.uk 

iBUILD 

What is infrastructure? 

• General definition: “the system of systems that 
underpins our social, economic and 
environmental well-being” 

• Ambiguity as to what’s included 

• Economists focus on distinctive characteristics 
of their provision? 
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iBUILD 

The economic characteristics of infrastructure 

• Infrastructure diverges from many of the assumptions (and 
presumptions) of standard economic theory: 
• Externalities 
• Public goods 
• Increasing returns to scale 
• Long duration 
• System-based 
• Non-marginal effects 
• Endogenous preferences 

• Scope for heterodox analyses 
 

//upload.wikimedia.org/wikipedia/en/5/5d/Birmingham_logo.svg


www.ibuild.ac.uk 

iBUILD 

Externalities 

• Pervasive but heterogeneous 

• Positive and negative  

• How are externalities best dealt with? 

• Problems of definition, identification and 
measurement 
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iBUILD 

Public goods 

• Non-rival and non-excludable 

• A matter of degree rather than kind 

• Excludability depends on transaction costs 

• Non-rivalry depends on congestion 
 

//upload.wikimedia.org/wikipedia/en/5/5d/Birmingham_logo.svg


www.ibuild.ac.uk 

iBUILD 

Increasing returns to scale 

• Large sunk costs and increasing returns to scale give rise to 
“natural monopolies” 

• Implications for allocative efficiency? 

• Large sunk costs mean that AC>MC 

• Efficient allocation where p=MC 

• Investor won’t recoup costs unless charges p=AC, hence 
time-inconsistency problem 

 

• Implications for dynamic and productive efficiency? – blunted 
incentives 
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iBUILD 

Long duration 

• Most infrastructure has a long usage life 

• Period over which investors have to recoup costs is 
therefore also long 

• This increases uncertainty: 

• Intensifies the time-inconsistency problem 

• Cost and profit calculations with respect to inflation 
and interest rates 

• Technological redundancy – lock-in and path-
dependency 
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iBUILD 

“System of systems” 

• Infrastructure exists in the form of systems or networks rather than 
as a series of discrete projects – e.g. sewer, water, rail networks 

• These systems interact with each other via spread of population 
hubs 

• Serve economic system as a whole 

• Requires system level rather than project-based appraisal 
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iBUILD 

Non-marginal effects 

• Infrastructure as a bridge between micro and 
macro 

• May influence economy’s growth path 

• E.g. agglomeration, climate change 

• Raises considerations of dynamic efficiency 
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Endogenous preferences 

• Standard valuation techniques assume 
preferences fixed and exogenous – stated, 
revealed preferences etc 

• But over the long life-cycle of 
infrastructure, preferences, norms, culture 
etc of consumption are moulded by what is 
provided 

• Key concern of systems of provision 

iBUILD 
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Conclusion 

• Clear role for state intervention but questions about 
balance between public and private investment and 
how to attract the latter 

• Challenges for valuation: 

• Identifying and estimating costs and benefits 
(especially non-monetary and dynamic/non-
marginal/endogenous) 

• Developing system-level assessment 

• Dealing with uncertainty 

• Potential for heterodox economics to add insight 

iBUILD 
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Infrastructure and valuation  

relevant examples of probabilistic 

and Bayesian uncertainty 

modelling 

John Paul Gosling, 

School of Mathematics, 

University of Leeds 

with 

Tim Foxon,  

Sustainability Research Institute, 
University of Leeds 

 



Probabilistic and Bayesian methods are 
increasingly popular additions to decision 
making tools. 

 

They offer flexibility in the types of uncertainty 
that they can model and provide results that 
show a decision maker how conservative or 
robust various courses of action are. 

 

There are many examples of the methods being 
used as part of government analyses and in 
infrastructure-specific assessments. 

 

 



Bayesian vs. frequentist reasoning 

• Frequentist approach: Based on statistical sampling 
of a population 
– Views uncertainty as something intrinsic to the experiment 

rather than something intrinsic to our ability to understand 
the real world, i.e. more data automatically reduces errors 

• Bayesian approach: Based on updating prior 
probabilities to incorporate new information 
– This allows us to evaluate new data, based on additional 

information provided and prior probability of particular 
outcome, taking into account ‘false positives’ 

• See book ‘The Signal and the Noise’ by Nate Silver, 
reviewed at 
http://www.theguardian.com/books/2012/nov/09/signal-and-
noise-nate-silver-review 
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Example – 9/11 

• A priori probability that terrorists would crash planes 
into Manhattan skyscrapers, Pr(A) = 0.005% 

• Posterior probability, i.e. probability of outcome A 
given observation X , is given by Bayes’ theorem 

 

 

• This gives probability of a terror attack after first 
plane hit, Pr(A│X1) = 38% 

• Probability of a terror attack after second plane hit, 
Pr(A│X2) = 99.99% 



Example: Bayesian modelling of concrete bridge 
deterioration. 

• Posterior probability density function (pdf) of corrosion 
rate depends on prior pdf and pdf from inspection  

 

 
 

 

 

 
 

Work supported by Colorado Department of Transportation, US. 
Enright, M. P., & Frangopol, D. M. (1999). Condition prediction of deteriorating concrete bridges using Bayesian updating. 
Journal of Structural Engineering,125(10), 1118-1125. 



Micevski, T., Kuczera, G., & Coombes, P. (2002). Markov model for storm water pipe deterioration.  
Journal of Infrastructure Systems, 8(2), 49-56. 

Example: Probabilistic modelling of storm pipe 
deterioration  
• Probability of transition from (optimal) state 1 to 

lower functioning states 2, 3 and 4 

• Bayesian analysis shows that transition from state 2 
to state 4 is most likely to occur: 

 

 

 

 
 

Work supported by Newcastle City Council, NSW, Australia. 



Example: Probabilistic modelling of future costs of exotic 
animal diseases under different scenarios. 

• Using elicitation of expert’s views and repeated simulations 
using Monte Carlo analysis, calculate probability of expected 
total cost being above a particular value: 

 
 

 

 

 

 
 

 

Work commissioned by Defra. 
Gosling, J.P. and Hart, A. (2010). Technical annex for disease cost sharing project. Annex 8 of Draft Animal Health Bill, Defra. 



Example: Valuing potential hydrogen transport system 
investment using probabilistic modelling. 
• Project value at each stage adjusted by probability of 

outcome 
• But NPV at each stage should take account of real 

option of successful outcome 
 

 
 

 
 

 
 
 
Work commissioned in response to proposed investment in hydrogen fuel 
infrastructure. 
Li, Y., Engelen, P. J., Kool, C., & Poot, T. (2010). Valuing Hydrogen-based Infrastructure Investment with Multiple Sources of  
Uncertainty: An application to Transportation System in Netherlands. Utrecht University, School of Economics. 



Bayesian modelling for the water 
industry 

In the early 90s, the new water companies were tasked 
with producing an investment plan that covered a 
period of about 20 years. 

 

The investment plans were to include estimates of 
capital investments needed to preserve the condition 
and performance of their existing assets whilst 
extending those assets to meet increasing demand. 



Bayesian modelling for the water 
industry 

Estimation proved to be difficult because: 
• the future demands on the assets were unknown, 
• the technological advances that might happen over the 

period were unknown, 
• the current condition of the assets was unknown, 
• Commissioning studies to help fill in the gaps would be too 

costly and not fit the time frame. 
 
Lots of uncertainty! 
 
It was also essential that the water authorities, the 
government and the public had confidence in the estimates. 



Bayesian modelling for the water 
industry 

Bayesian methods for capturing this uncertainty and 
updating the estimates in light of the limited data were 
used by South West Water and Anglian Water. 

 

The results of the methods were scrutinised and 
approved by the two companies, an independent group 
of consulting engineers and the Department of the 
Environment. 



Bayesian modelling for the water 
industry 

Characterisation of current assets 
 (length of pipes etc.) 
Data on current maintenance costs 
Demographics 
Expert judgements on future costs, 
 types and rates of failures, 
 impact of future technologies 
Detailed study into part of network 

O'Hagan, A., Glennie, E. B., & Beardsall, R. E. (1992). 
Subjective modelling and Bayes linear estimation in the UK 
water industry. Applied statistics, 563-577. 

Inputs 

Estimate of costs for different areas 
Characterised uncertainty about the  
 estimates (in form of std devs) 
Sensitivity analysis to guide where more 
 information would be beneficial 

Outputs 
The transition from Inputs  
to Outputs required some 
statistical know-how, but the 
method was computationally  
inexpensive and could be 
implemented in Excel for 
instance. 



Probabilistic and Bayesian 
methods rely heavily on 
quantitative data or 
judgements. 

 

There are many cases 
where these are not 
available or not even 
feasible. In such cases, 
transparency in what is 
being modelled is of 
paramount importance. 

Stirling, A. (2010). Keep it complex. Nature, 468(7327), 1029-1031. 



Resilience and decision making 

Alan Pearman, 

Centre for Decision Research, 

Leeds University Business School 



Overview 

• The matrix in Stirling’s  Nature paper is a helpful 
overview 

• In making choices, three fundamental concerns:   
– how the impacts of choosing those alternatives are 

valued (cba, mca, etc.) 
– how any uncertainty about the impacts will be is 

represented (Bayesian, belief functions, etc.) 
– how its influence on overall preference is accounted 

for (a decision rule) 

• The three in general are not independent of each 
other in terms of implementation.  



Focus 

• Regarding Resilience, how impacts valued not the focal 
issue  

• Because future uncertainties are not as 
comprehensively accounted for as they might be, an 
appropriate range of alternatives is not considered  

• So the prime concern is along the uncertainty – 
alternatives axis 

• Recent work on decision making in the context of 
resilience has proposed real options/option value as a 
helpful way to encourage more comprehensive 
evaluation.    Often combined with a Bayesian 
approach to estimating the risks. 



A suite of approaches? 

• This locates us in the left hand column of 
Stirling’s matrix 

• The matrix emphasises that Government 
needs a suite of approaches to thinking about 
uncertain futures 

• Some consistency between the approaches 
would be good 

• Option value is potentially useful as one 
approach in the suite 



Option value implementation 

• Issues to be addressed in working with decision trees: 
– how deep (i.e., how far into the future) should the tree go?  
– how detailed should it be in terms of number of decision stages identified?   
– how wide should it be in terms of the breadth of decisions/uncertainties 

identified?   
– time and resource demands of (potentially) large amounts of modeling 
– time and resource demands of probability estimation 
– need to recognize a (likely) large element of subjectivity in the probability 

estimates (e.g., wrt what relevant future learning we may achieve; new 
technological options, etc.) 

– if the probability estimates are represented as ranges, then the ability to rank 
alternative courses of action is limited 

– potential for combining with Risk Analysis and Sensitivity Analysis 
– output more likely to be a sketch of an intended decision process rather than a 

prescription of exactly what to do 



Feedback 

• The feedback loop from alternative evaluation 
to (re-)design of alternatives should not be 
overlooked in the context of seeking resilient 
design 



Implementation 

• Implementation guidelines would need careful 
explanation of when the extra effort might be 
justifiable and of how to handle the technical 
side (e.g., Bayesian up-dating) 

• Easy to end up with a complex implemenation 
that adds little value in terms of extra 
understanding 



Institute for Transport Studies 
FACULTY OF ENVIRONMENT 

Valuing system resilience: 

approaches and methods in transport 

studies 

Professor Peter Mackie 

Professor Mark Wardman 

Andrew Gillies-Smith 



Working Definition 

• Resilience interventions can be considered as insurance 

against various external risks 

• In order to value risk change you first need to model/forecast 

it : this can be very demanding 

• External risks represented by events which are of low 

probability but with potentially severe consequences 

• Climate/weather e.g. flooding 

• Damage & theft e.g. cable theft 

• Energy & materials e.g. security of supply of key materials 

• Industrial action e.g. tube strikes 

• Security & terrorism e.g. targeted attacks 

 



Valuation Matrix 

• Invest in resilience versus tolerating disruption 

• Provides context for examining valuation studies 

 



Climate/weather 

• Estimation of the economic cost to England resulting from 

severe winter weather, including impact on GDP and 

welfare, is a combined £280m 

• The direct impact on GDP alone is estimated at £127m 

• Key elements of the combined figure include: 

Reduced economic output due to delays: £108m 

Lost personal travel: £49m 

Pedestrian delays: £43m 

Journey time delays for personal travel: £34m 

Pedestrian accidents: £24m 

But also need the p distribution of severe weather! 

 

 



Security & Terrorism 

• Willingness to pay for security at railway stations 

• Reflected as an addition to fare per trip 

• Advanced CCTV: £3.10 

• Metal detector & x-rays for all: £2.41 

• Rail staff & BTP: £0.72 

• Unawareness of incident or hearing of it later compared to 

disruption and chaos £2.38 

• 1 minute to pass security compared to 13 minutes: £3.13 

• 2 terrorist plots disrupted annually up from 1 every 10 years: 

£4.44 



How Do We Estimate Willingness to Pay 

for Improvements/Avoid Disruptions?   

• Stated Preference (Hypothetical Market Choices) 

We create a hypothetical market (eg, resilience or no resilience) 

We offer trade-off choices between different market conditions and 

different monetary outlays (eg, council tax, rail fares, income tax) 

• Revealed Preference (Actual Market Choices) 

We find markets where peoples’ actual choices reveal their preferences 

• Hedonic Pricing (Actual WTP) 

We find markets where the expressed willingness to pay (WTP) covers 

the factors we are interested in (eg, housing market and school quality, 

noise levels, neighbourhood quality etc.) 

• Travel Cost (Actual or Intended WTP) 

If people are prepared to spend time and money to pursue some 

activity, it provides a value (WTP) of the activity  



THE ISSUES AND CHALLENGES  

Not a mainstream area of research! 

• Stated Preference 

Good for common occurrences without severe consequences (eg, Late 

Time) 

Rare occurrences with severe consequences is more challenging 

Can though apply to anything (if we can create a realistic trade-off context) 

• Revealed Preference 

Challenging to identify real world choice contexts (insurance?) 

• Hedonic Pricing 

Are there housing market choices that yield evidence? 

What about other markets? 

• Travel Cost Method 

We need to observe behavioural response to disruptions 



Cost-effectiveness methods 

• Derive implicit values from observed operator decisions 

• Operators sand rail lines during leaf fall, buy points heaters, 

invest in snow clearing equipment and salt stocks, upgrade 

airport instrument landing systems etc. 

• Might be able to get at implicit values if we could establish 

operators’ expectations and if we thought operator values 

reflect user values. 

• Regulators likely to be interested—face both towards 

operators and towards customers. 



References 
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security: the case of rail travel in UK. Transportation Research Part A. 44(3), pp.169-181. 

 

 



Centre for Integrated Energy 

Research 

Sustainable energy provision: Heat 

Networks  

Ruth Bush & Catherine Bale – University of Leeds 

David Hawkey & Jan Webb – University of Edinburgh 



Heat networks 

 

 



Local infrastructure 

Physical 
• Heat has to be generated locally 
• Heat demand is determined by  

• building fabric 
• building use 

•District heating is spatial 
 
 

Economic 
• Local supply chains need to be 
developed 
• Certain technologies, such as district 
heating or geothermal, are only 
economically viable under the right local 
conditions 
 

Social 
• Consumer perceptions  
• Relationships with consumers are more 
direct at local authority level 
• Households primarily trust advice from 
their local authority or  friend / family 
member  
 

Institutional 
• District heating typically requires a 
number of institutions to work together to 
make the project happen, e.g. funders, 
consumers, landlords, heat source owner 
 
 
 



Case study: Islington Borough 

Council 

• The first district-scale 
heat network in 
Islington – one of small 
number in London 

• Serves over 850 
homes and two leisure 
centres 

• Completed in winter 
2012 

 

 

 

Details for this case study have been sourced from an Islington Borough Council Case Study (2013)  

http://www.isep.org.uk/wp-content/uploads/BUNHILL-case-study-2013.pdf  





Case study: Business model 

Grant funded initially 

• The £3.8 million energy centre and heat network were 

funded by grants secured from the Greater London 

Authority and the Homes and Community Agency 

In-house owned and operated 

• Islington council manages operation, gaining revenue 

from electricity and heat sales 

Expansion opportunities built into plan 



Case study: Initial motivations 

Islington: 

• Fuel poverty alleviation 

• Carbon reduction 

• Housing regeneration  

Wider findings: 

• Similar aims across 

other LAs 

• BUT mismatch with 

decision criteria 

Source: Bush, R.; Bale, C.; Taylor, P. Spatial mapping tools for district heating (DH): helping 

local authorities tackle fuel poverty; Report for Chesshire Lehmann Fund: Leeds, 2014. 



Case study: Future development 

Beyond council-owned housing stock: 

• Bunhill Heat and Power will help new 

developments meet their planning energy targets 

• Currently working to extend the network to connect 

new-build developments and supply them with low 

carbon heat at competitive rates  

• Over 160 new build homes have already been 

connected to the network 



Key message 1: Real options 

value 

Islington built-in options related to project size: 

• Network pipes have been sized to be larger than 

current needs allowing future additional capacity 

• Flexible design to allow future supply from other 

heat sources 

 



Key message 2: Passive 

provisioning 

Additional planning policy measures ensure future 

provision is realised: 

• Planning laws to ensure future connections where 

possible 

or 

• New developments being ‘ready to connect’ 

 

 



Key message 3: ‘Kick-start’ 

investment 

Initial grant funding 
allows:  

• leverage of private sector 
investment  

• reduction of cost and 
technical risk of private 
sector network expansion 

• original (social and 
environmental) motivations 
are achieved with financially 
viable business model 

 



Conclusions 

Benefits from valuing DH infrastructure: 

• Initial grant funding has unlocked later expansion 

and investment from private sector 

• Original social and environmental objectives are 

met 

• System efficiencies from decentralised generation 

and supply 

 



Further research questions 

• The case study could be used to ask questions 

about whether and how options value can be 

created through the kind of heat-use-led approach 

common in the UK  

• More to be explored on regulation and planning 

• Role of local authorities — How do they 

incorporate real options valuation into decision-

making? 
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Infrastructure now 



Infrastructure in the future 



• Embedding new low CO2 technology 

introduces critical materials into 

infrastructure:  

–  e.g. Nd - motors/generators for wind   

 turbines & electric vehicles 

• Scale of infrastructure means that 

change in demand can be a step-

change: Multiples, not fractions 

• Previously abundant materials may 

become critical 

• UK is import dependent so has little 

control over supply chain 

Infrastructure and critical 

materials 



– “National infrastructure needs to be a 

primary driver in the move towards a low-

carbon economy” 

– BUT there is associated induced material 

demand for scarce resources: 

• what's the scale of this? 

• what are the implications? 

• how can we respond (and not make it 

worse)? 

– How do we understand the risks associated 

with material dependence and the value of 

reducing this dependence?. 

Infrastructure planning 



Undermining Infrastructure 



• Stocks and flows modelling  

• – what is the scale of induced material demand? 



Case study technologies 
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• Criticality analysis 

• - how do we understand the implications of induced 

material flows? 



Dynamic Criticality Assessment 

Roelich et al 2014 



Criticality of low carbon 

electricity 

Benchmark material of interest to iron (arguably lowest criticality metal) 

Roelich et al 2014 



• Diversity in technology reduces exposure and, hence risks. 

• Portfolio effect – technology mix 

Responding to criticality - the 

value of diversity  

• Mitigate risks 

• Reduce long-term 

costs 

 

• Diversity is a function of number, variety and balance of 

technologies 
Awerbuch, Jansen et al 2005 



• Properties analysis 

• - how do we diversify (sensibly)? 



 

Dawson et al. 2014 in review 

Approximate equivalent EM for 3MW turbine 

Substituting magnetic materials 



• Induced material flow of infrastructure change could create 
scarcity 

• More complex issues of disruption could be more significant 
- especially in the short-term  

• Knowing how and when these issues might play out is 
crucial to support decisions 

• Technology diversity is a key response to reduce risk 

• We need to diversify intelligently 

Conclusions 



School of something 
FACULTY OF OTHER 

 
Thank you for your attention! 
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Passive provision – valuation of real 
options 

• Passive provision - the facilitation of real options 
within an investment opportunity or action.  

• A “Real Option” is an alternative or choice that 
becomes available through an investment 
opportunity or action. For example, designing an 
activity with the flexibility to upgrade in the future 
provides an option to deal with more (or less) severe 
climate change.  
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Real options approach 

• Real options approach appropriate for policies, 
programmes and projects showing: uncertainty, 
flexibility, learning potential 

• Uncertainty: difficult to project outcomes 

• Flexibility: benefits of information acquired by early 
investment 

• Learning potential: technological and/or institutional 
learning generated by early investment 
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Example – Accounting for the Effects 
of Climate Change 
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Source: Supplementary Green Book Guidance, July 2009 



Example – Innovation in long-term 
renewable energy options 

• Real options value: 

– Actions that create options, which we may later choose to 
exercise or not, have an additional value - the ‘option 
value’- if the future is uncertain and decisions are wholly 
or largely irreversible.  

– The additional cost of investing now to create or keep 
open the option may well be outweighed by the additional 
benefit that would accrue if the option is needed, given 
that we may choose not to exercise the option if further 

information tells us that it is not needed. 
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Source: Foxon, Gross and Anderson (2003), Innovation in long 

term renewables options in the UK: Overcoming barriers and 

‘systems failures’, Report for the DTI 



Example – option value of initial 
investment in feasibility 

• Suppose a firm has to make a decision of whether or not to invest $15 million in 
demonstrating the economic feasibility of a production plant:  

 expected profit  = expected revenue – expected cost 

   = $90 - (⅓ x $40 + ⅓ x $80 + ⅓ x $120) million 

   = $10 million 

• So, NPV is negative, and initial investment would not be undertaken   

• However, if the initial investment in feasibility allows the firm to decide which of the 
three cost possibilities for full production is closest to reality, then   

 expected profit = (profit for high cost ) + (profit for medium) + (profit for low) 

   = (⅓ x $0) + (⅓ x $10) + (⅓ x $50) million 

   = $20 million 

• This is greater than the initial investment of $15 million, justifying the initial investment 

• Thus, the option has value because the additional benefit that accrues if the option is 
undertaken is greater than the initial cost of the investment, given that we can choose 
not to exercise the option if further information tells us that it is not required. 
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Source: Dixit and Pindyck (1995), Harvard Business Review, May-June 

1995, pp. 105-115, quoted in Foxon, Gross and Anderson (2003) 



Additional learning value 
• Investment can also contribute to learning, e.g. for early 

stage renewable energy and smart grid technologies 

• Can help form an ‘option’ capable of making a 
significant contribution to carbon reduction targets  

• Increasing returns to adoption: 

– Scale economies: spread fixed costs over increasing volume 

– Learning effects: ‘learning-by-doing’ reduces unit costs 

– Adaptive expectations: expectations of consumers 

– Network economies: network benefits increase with more 
users 
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PV learning curve 

 

94 Sources: IRENA (2012), Renewable Energy Technologies: Cost Analysis 

Series”; IEA (2011), Solar Energy Perspective 



Implications for infrastructure investments 

• Real options valuation important under conditions of 
uncertainty, flexibility and learning potential 

• This is the case for long-lived infrastructure investments 

• Option value arises from increased knowledge and 
learning associated with investment 

• Challenge of complexity, if there are multiple, uncertain 
potential benefits 

• Link to Bayesian approaches, where probabilities for 
different outcomes are updated as information comes in 

• Need to value how option contributes to long-term 
targets, e.g. climate change mitigation & adaptation,    
cf. ‘target consistent’ approach to valuing carbon 
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