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Abstract 

Polluting the environment with carbon emissions will be no longer free 

once governments impose carbon pricing. Early movers which start 

incorporating carbon thinking in business decisions will be winners in the 

low carbon future. Companies subject to carbon caps under a carbon 

trading scheme can either invests in carbon sequestration project and or 

buy carbon credits to offset their carbon liabilities – commonly known as 

‘make’ or ‘buy’ decision. While Net Present Value (NPV) has been 

recorded as the most popular appraisal technique used globally for 

project valuation purposes, finance theorist suggests that real options (RO) 

analysis is a more superior technique to value investment opportunities. 

Using case study data, this study examines how RO approach provides 

more strategic insights than traditional NPV in valuing carbon 

sequestration investments (carbonvestments).  

Keywords: Carbon Emissions; Carbonomics; Net Present Value; Project 

Valuation; Real Options Analysis 

 

1. Introduction 

The balance of scientific evidence indicates that the world is facing 

significant risks associated with the potentially damaging consequences 

of climate change. A major international economic/regulatory response 

has been the Kyoto Protocol, under which countries have agreed to strive 

to decrease their carbon emissions.1  

                                                           
1We have used the term carbon in this paper for simplicity and readability purposes, 

although the reduction required is actually for 6 greenhouse gases (GHG) in terms of 

their CO2 equivalents (CO2e).  
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The Kyoto Protocol has developed three alternative mechanisms for 

reducing carbon emissions that would enable developed countries with 

quantified emission limitation and reduction commitments to acquire 

greenhouse gas reduction credits. Two carbon emissions reduction 

project-based mechanisms include Joint Implementation (JI) by at least 

two developed countries and a Clean Development Mechanism (CDM) 

which has to be implemented in the region of developing countries. Both 

create carbon units known as Emissions Reduction Unit (ERU) and 

Certified Emissions Reduction (CER), respectively, which can be traded 

in an emissions trading scheme (ETS) as the third market mechanism. An 

ETS facilitates Annex I countries to meet their targets of emissions limits 

and reductions by purchasing carbon units from others.  

Those countries with emissions reduction target, can in turn set up a 

cap-and-trade scheme to pass on these pollution limits to business entities 

who are told how much carbon they can emit (the cap). In most such 

schemes, the government will allocate ‘carbon permits’ (represent the 

rights to pollute), either free or at a price, to companies. The amount of 

the allocation would be equal to the company’s current pollution, less the 

reduction target that the country is seeking. If companies emit more than 

their cap, they can buy carbon permits, such as Renewable Energy Credit 

(REC) from other businesses that come in under their cap (the trade). 

Trade takes place in an over the counter market, or via a Carbon Credit 

Exchange trading market. The emergence of a market which determines a 

price for the right to pollute, has resulted in a carbonomics era, in which 

economic decisions are made based on firms’ GHG emission targets 

(Ratnatunga & Balachandran, 2009). 

From the firms’ point of view, carbon pollution will have a price tag 

to be paid for if they are subjected to a government imposed rationing 

scheme (Cook, 2009; Harriss, Paton & Elsayed, 2010; MacKenzie, 2009). 

One way to gain competitive advantage in the low-carbon future is to be 

an early mover by factoring carbon business exposure into investment 

decision making (Ratnatunga & Balachandran, 2009; Ratnatunga, Jones 

& Balachandran, 2011; Schultz & Williamson, 2005). A number of 

options are available to manage its business exposure: 1) do nothing and 

buy carbon credits from the government or from a carbon market to make 

up the shortfall; 2) reduce its carbon liability by undertaking internal 

projects that use new technologies to lower the carbon emissions of its 

resources and activities; 3) invest in external projects (e.g. wind farms; 

reforestation, etc.) that sequester carbon in order to offset its carbon 

liability and sell excess carbon credits generated (if any) in emission 



Management Accounting Frontiers 2 (2019) 31 – 68 

33 

trading markets; or 4) a combination of both internal and external 

investments. In short, these options involve ’buy’ and/or ‘make’ 

decisions. Decisions to make such both internal and external investments 

in carbon management projects, termed carbonvestments, fall under the 

general area of capital budgeting. 

Capital budgeting is the process of valuing and choosing investment 

projects to allocate firms’ capital. It has been widely discussed in the 

conventional finance literature, where it is documented that the 

underlying methodology of investment decision making has shifted from 

relying mainly on business experience and intuition (Pollard, 1965) into 

incorporating the use of sophisticated financial management techniques 

(Haka, 2007). Of the many capital budgeting techniques available for 

project evaluation, Net Present Value (NPV) is the most popular 

methodology used, in which expected future net-cash flows are 

discounted to present values using the firm’s weighted average cost of 

capital (WACC) (Bennaouna, Meredith & Marchant, 2010; Haka, 2007). 

However, the NPV method does not take into account the managerial 

flexibility that is embedded in most investment opportunities such as the 

possibility of delaying a decision until more information is obtained or 

the underlying assumptions of the situation change. As such, finance 

theorists recommend the use of real options (RO) analysis in projects that 

currently have significant uncertainty but may be re-visited at a later date 

if the uncertainty reduces (Dixit & Pindyck, 1995; Myers, 1977; Smith & 

Nau, 1995; Trigeorgis, 1996). The use of options for investment decision 

making in the financial markets has been extensive. However, while the 

discourse pertaining to the RO approach has been intense in the literature 

and is now covered in most finance textbooks (Brealey, Myers & Allen, 

2008; Damodaran, 2002; 2011), its uses in project appraisal decisions 

appear to be limited (Bennaouna, Meredith & Marchant, 2010). This low 

practical use appears to be mainly because the complex mathematics of 

RO and the difficulty in identifying and correctly specifying the 

underlying options (Luehrman, 1998a; Teach, 2003). While in the 

financial markets there are set parameters within which share prices can 

move, enabling one to model possible options if a share price hits a 

certain value, investment projects do not have such value parameters, as 

the market for such projects is illiquid. However, with the introduction of 

ETS or similar future pricing structure, these market-value parameters 

will be present, thus the RO approach may emerge as a very robust and 

practical approach to investment appraisal in the carbonomics era. 
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In addition, although a wide range of climate-related topics have been 

emerging in academic literature in the last decade, they have overlooked 

the need for empirical research on the investment appraisal of projects to 

reduce carbon emissions. A small subset of research has examined how 

the European Union (EU) ETS design impacted on power industry 

behaviour with respect to making decisions on carbonvestment projects 

(Bartels & Müsgens, 2008; Delarue, Voorspools & D’haeseleer, 2008; 

Hoffmann, 2007). However, applied research on how to make capital 

budgeting (or carbonvestment) decisions in real-life settings is still 

uncommon. To evaluate carbonvestment projects, a unique set of 

carbonomics elements needs to be incorporated in investment valuation 

techniques. Challenging aspects of carbonvestment projects to be 

included in investment appraisal include the entirely new carbon trading 

system and tradable carbon permits, complex technical issues in 

measuring GHGs emissions, and the relatively new carbonomics 

regulatory requirements.  

To bridge the aforementioned gap in literature, we apply RO analysis 

for carbonvestment valuation in an Australian company. The focus is to 

demonstrate not only that RO can be practically applied, but also that it is 

a more superior technique to NPV in making decisions on 

carbonvestments. We also demonstrate that in the real world, the 

provision of such techniques may assist business entities to make 

investment decisions which enable their competitive position to be 

maintained as they move towards a low carbon economy. As emphasised 

by Ratnatunga and Balachandran (2009), business entities should start 

considering carbon thinking to facilitate better decisions to be winners in 

the new world of carbonomics.  

This remainder of this paper is organised as follow. Section two 

reviews prior studies in investment decisions and carbon emissions and 

trading. The basic concepts of RO theory and its comparison to NOV are 

outlined in sections three and four respectively. Section five outlines the 

research method for the study. Section six presents the case study and the 

findings. The final section provides the concluding remarks. 
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2. Literature Review  

2.1 Investment Decisions  

Business owners traditionally have heavy reliance on their business 

experience and intuition to assess and decide on investments (Pollard, 

1965). While these factors are still an important basis for making 

investment decisions, the separation of ownership and management 

apparently trigger the use of capital budgeting and financial management 

techniques to assist investment appraisal. Haka (2007) concludes that the 

extant studies have documented three prominent techniques to appraise 

investments, namely discounted cash flow (DCF), payback period (PP) 

and accounting rate of return (ARR). DCF techniques are clearly the 

preferred methods in capital budgeting practices utilised by firms 

surveyed in studies during the 1959-2002 period (Haka, 2007). 

Likewise, Bennaouna et al. (2010) report that survey research 

between 1960-2010 has conveyed a similar trend, i.e., firms across the 

globe preferred utilising DCF methods as the main capital budgeting 

technique. The most favoured of the DCF techniques available are Net 

Present Value (NPV) and Internal Rate of Return (IRR). Non-DCF 

techniques, such as PP and ARR, are still utilised, even though with 

diminishing popularity (Bennaouna, Meredith & Marchant, 2010).  

The lack of popularity in the use of the RO approach as a technique to 

appraise investment projects in practice can be contrasted with its 

substantial theoretical development in the literature (Bennaouna, 

Meredith & Marchant, 2010). It should be noted that the sizeable RO 

literature comprises mainly theoretical works, whereas empirical studies 

in terms of project evaluation are limited (Tong & Reuer, 2007; Yavas & 

Sirmans, 2005). With the introduction of an ETS or similar carbon 

pricing structure, the decision if to delay, continue or abandon a carbon 

sequestration project can be evaluated using the RO approach. As such, 

the technique would have practical implications on investment appraisal 

in the carbonomics era.  

A strand of literature has already introduced the use of the RO 

approach (along with its comparison to basic NPV analysis) for valuing 

investments in energy sector within the EU ETS. Utilising a hypothetical 

power plant in Finland for a simulation with different carbon price 

scenarios, Laurikka and Koljonen (2006) show that the optimal decision 

is to delay the investment if the carbon price is low and to in invest in a 

gas plant as opposed to a coal plant if the carbon price is high in the ETS. 
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Another Finnish case study that applied the RO approach on a stochastic 

price model conveys that an integrated gasification combined cycle 

(IGCC), a lower emissions power generation technology, is costly in 

power plants retrofits (Laurikka, 2006). These Finish studies conclude 

that the low carbon price provides a negative incentive to invest in carbon 

reducing technologies and that RO analysis facilitates better valuation 

than NPV by incorporating available options under different carbon price 

scenarios. Furthermore, an illustrative case study on the application of the 

RO approach for valuing CDM project in South Africa provides a better 

insight to consider whether to invest right away or to postpone a CDM 

project, which has been overlooked by conventional NPV analysis (Tyler 

& Chivaka, 2011). 

 

2.2 Carbon Emissions and Trading 

Research on emissions trading is prompted by a series of field studies 

undertaken in the United Kingdom (UK) as the ‘first-ever national 

emissions trading scheme’ (Roeser & Jackson, 2002) and in EU, where 

European Union Emissions Trading System (EU ETS) is in operation 

since 2005 (Engels, Knoll & Huth, 2008). Roeser and Jackson (2002) has 

documented a variety of emissions reporting standards and different 

reporting periods. Okereke (2007) find that top UK firms provide 

disclosure on GHG emission mitigating actions as a response to increased 

pressure from major institutional investors such as the Carbon Disclosure 

Project (CDP) and the Institutional Investors Group on Climate Change 

(IIGCC). 

Several EU-based studies have attempted to explore implications of 

ETS for businesses. The EU ETS is introduced in two phases: the pilot 

phase (2005-2007) and the second phase (2008-2012), which concurs 

with the Kyoto compliance period (Pinkse & Kolk, 2009). In relation to 

investment, Egenhofer (2007) argues that the short-term carbon cap 

allocations in these two phases discourage corporations to invest in long 

term carbon-friendly technologies. His notion is elaborated by 

Hoffmann’s empirical study of the German electrical industry. Findings 

of the study show that the German electrical industry integrates carbon 

costs into their investment decisions but mainly for small scale and short-

term investments (Hoffmann, 2007).  

Much of the above literature show varying degrees of acceptance by 

corporations on the EU ETS. While some firms merely view the ETS as a 
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policy compliance issue, others take it as an opportunity to gain profits 

from carbon trading activities. The experience of firms in the UK ETS 

apparently encourage them to become the active trading actors in the first 

phase of the EU ETS, compared to firms based at Germany, Denmark 

and the Netherlands (Engels, Knoll & Huth, 2008). Many firms subjected 

to the EU ETS utilise both internal and external advice to handle ETS 

compliance. These companies combine insights from relevant 

organisational units and external expertise, such as consulting firms, 

industrial associations and research institutions, as well as from 

workshops to develop strategic responses to ETS (Engels, 2009). 

With regard to the impact of ETS (such as the EU ETS) on corporate 

performance and valuation, the discussion in the academic and 

professional literature is rather disjointed. Freedman and Jaggi (2005) 

undertake an early study of the Kyoto protocol by looking at the 

accounting disclosures of the largest global public firms in polluting 

industries. A year later, Kundu (2006) examines financial aspects of 

carbon trading in a professional journal article. Ratnatunga (2007) 

integrates the academic and professional discourse by highlighting the 

difficulties that the accounting and assurance professions are having in 

measuring, reporting and verifying the monetary values of carbon credits 

bought and sold in Emission Trading Schemes. Bebbington and 

Larrinaga (2008) undertake a closer inspection of the risks and 

uncertainties that arise from global climate change initiatives and discuss 

the benefits of keeping carbon reporting within a non-financial 

accounting and reporting framework; and Callon (2008) discusses the 

controversies regarding carbon trading schemes and related measurement 

schemes.  

In terms of internal reporting, Ratnatunga and Balachandran (2009) 

consider the impact of carbon trading on the strategic cost management 

and strategic management accounting information systems. They briefly 

examine the capital budgeting implications of efficient carbon 

management (ECM), especially the valuation premium that would be 

given to investments in alternative energy assets and abatement activities. 

Ratnatunga and Balachandran (2009) also point out that there would be a 

need to calculate an firm’s carbon related cost of equity (Ke) and cost of 

debt (Kd) in order to calculate its overall Carbon-WACC (Ko) for 

discounting of carbon related net cash flows if 1) the equity and debt 

markets may value-discount carbon intensive businesses (causing high 

financing costs) and place a value-premium on low carbon emitting 

businesses (causing low financing costs); and 2) that if such financing of 
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carbon related investments can be isolated. However, despite some 

discourse such as the above on carbonvestment appraisal, the use of the 

RO approach as the preferred investment appraisal technique to assist 

business entities handling risk within an environment of an uncertain 

carbon emission permit price remains extremely limited, with a focus 

mainly on energy sector (Laurikka, 2006; Laurikka & Koljonen, 2006). 

As the application of the RO approach to assist firms in investment 

valuation decisions seems promising, the theory on which this approach 

is based will be discussed in the next section. 

  

3. RO Theory 

RO theory has its roots in the finance discipline (Amram & 

Kulatilaka, 1999; Li, 2007). It originates from the analogy of financial 

options on real asset investments, a notion initially launched by Myers 

(1977). A financial call (put) option confers on its holder the right, but 

not the obligation, to buy (sell) the underlying asset at a certain price, the 

so-called the exercise price or strike price, during a specified time period. 

Making investment decisions on real assets possess characteristics which 

are analogues to a financial call option (Li, 2007). A RO is a right to 

undertake future actions as to investments on real (non-financial) assets 

(Amram & Kulatilaka 1999). Valuing investment decisions on real assets 

provides expected cash flows based on the investment’s sunk cost as the 

exercise price, and the time period to undertake the investment on the real 

asset (Myers 1977; Tong & Reuer 2007; Trigeorgis 1996).  

The discourse on real options to appraise investments has been 

triggered by dissatisfaction in using DCF methods such as NPV as they 

arguably neglect the value of flexibilities on embedded subsequent 

investment opportunities (Brealey, Myers & Allen, 2008; Myers, 1977; 

Tong & Reuer, 2007). Such flexibilities include options to invest now, 

defer, expand, abandon or shift to another project (De Reyck, Degraeve 

& Vandenborre, 2008; Trigeorgis, 1996). NPV assumes management is 

passive and unlikely to add value to an investment project evaluation 

even if information is subsequently received after the initial decision 

making (Teach 2003). A RO perspective enables decision makers to think 

about flexibilities tied to the investment project that need to be actively 

managed in order to reduce downside risk and or to benefit from upside 

opportunities. The RO analysis, however, is not a replacement of NPV 

approach (Van Putten & MacMillan, 2004), but instead an enhancement. 

In fact, NPV is a minor RO analysis with limited application to appraise 
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an investment that has little or no uncertainty or flexibility (Teach, 2003). 

Arguably, RO analysis is an extension of the NPV technique that 

incorporates the value of managers’ flexibility to execute embedded 

options in a potential investment project. 

 

4. RO Analysis as an Enhancement of NPV 

As stated earlier, one of the constraints that causes unpopularity in the 

use of RO technique to appraise an investment project is the view that 

RO analysis is a ‘black box’ (Teach, 2003). The challenge for academics 

and consultants to promote the use of RO approach is to lucidly show 

how it works so that managers can apply it without their hands being held. 

Luehrman (1998b) suggests that highlighting commonalities between RO 

approach and standard NPV as the familiar investment valuation 

technique can assist business practitioners in understanding the RO 

framework. Conventional NPV calculates the difference between present 

value (PV) of cash outflows to fund the investment project and PV of 

cash inflows that are generated from the project. The decision to invest in 

the project will be executed if only the NPV calculation results in 

positive figures, and vice versa. Meanwhile, investing in a project similar 

to call options in RO technique which requires 5 (five) variables as 

follows (see Table 1): 

 

Table 1. Investment Opportunity as a Call Option 

Investment Opportunities Variables Call Option 

Present values of a project’s net revenues 

/cost savings (net cash flows) 

S Stock price 

Expenditure required to acquire the 

project assets (investment cost) 

X Exercise / strike price 

Length of time the decision may be 

deferred 

t Time to expiration 

Time value of money rf Risk-free rate of return 

Riskiness of the project assets σ2 Variance of returns on 

stock 

Source: Luehrman (1998b, p.52) 
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The adoption of RO approach requires managers to consider three 

variables (t, rf and σ2) in addition to the two variables that they already 

have to calculate NPV (S and X). When managers do not have the option 

to delay the investment or can no longer delay investment in the project 

being valued, i.e. at the expiration date to make the investment decision, 

RO analysis will result in the same figures as the standard NPV 

calculation because t, rf and σ2 become meaningless. RO approach 

provides extra information when managers have the ability to delay the 

time to invest, which is known as an option to delay or an option to wait 

(Luehrman, 1998b). Luehrman (1998b) provides an illustration of how to 

use RO approach with these five variables in conjunction with Black-

Scholes Model. 

RO pricing can be mapped into a binomial lattice (Kodukula & 

Papudesu, 2006). Options valuation for a binomial lattice can be 

conducted by using either risk-neutral probabilities or market-replicating 

portfolios (Copeland & Antikarov, 2003; Kodukula & Papudesu, 2006). 

A case study using the Kodukula and Papudesu (2006) approach to 

evaluate an investment project valuation with an option to wait using 1) 

conventional NPV; 2) the RO technique with the Black-Scholes model; 

and 3) the RO Binomial Lattice with risk-neutral probabilities approach, 

is presented in this paper. 

 

5. Research Design 

5.1 Case Company 

An Australian publicly listed company in energy industry was studied 

in this paper as the industry was recorded as the top contributor to both 

worldwide and Australia’s emissions levels. The case company, Alpha, 

was one of the largest energy retailers in Australia with more than 3 

million electricity and gas end-user customers. The company had a well-

diversified power generation portfolio including plants that use fossil 

fuels as well as the ones that use renewable energy sources such as wind, 

landfill gas and biomass. 

 

5.2 Data Collection and Analysis 

The data collection and analysis involved multiple methods that were 

applied sequentially. The initial data for this study were collected using a 
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series of semi-structured interviews and roundtable discussions with 

Alpha’s carbon manager and strategic manager. Additional data were 

sourced from the Internet and were verified by Alpha’s managers. The 

collected data includes expected objectives and estimated investment 

requirements for Alpha’s projects, physical data of the projects such as 

the amount of emissions saved, as well as the financial assumptions and a 

detailed explanation of how valuations were conducted. Various 

scenarios were developed with the collected data to appraise potential 

carbonvestments using NPV, IRR and RO models. 

The project appraisal was followed by an ex-post analysis in order to 

examine the possible variation of the results under different financial 

situations using a simulation technique. The ex-post simulation was 

comprised of sensitivity analysis and scenario analysis. Scenario analysis 

involved identifying situations ranging from the ideal situations to the 

worst-case scenarios. If the project was found to be very profitable under 

both sensitivity and scenario analyses, another analysis called a stress test 

was conducted to further examine the financial strength of the project. A 

stress test was an analysis under an extreme hypothetical scenario to 

explore how an investment project would react to more drastic yet 

realistic changes in financial conditions in the market. 

This valuation was subsequently extended using the real option 

valuation (ROV) approach (Dixit & Pindyck, 1995; Myers, 1977). The 

objective of applying ROV in the appraisal of the real project 

opportunities was to bridge the theory of investment valuation and the 

practice of carbonvestment valuation techniques. A binomial lattice to 

map real options pricing into a dual-branches decision tree was chosen as 

a prime ROV method to be applied in the case study. As highlighted in 

Kodukula and Papudesu (2006), the binomial lattice offers mathematical 

simplicity and intuitive interpretation which helps to make the ROV more 

transparent and easier to explain to senior management. An alternative 

approach, the Black-Scholes model, was conducted to show that binomial 

lattice and Black-Scholes approaches provide comparable options values. 

Risk-neutral probabilities were used in options valuation for the 

binomial lattice as the alternative for valuation, market-replicating 

portfolios, was more difficult to understand and apply (Kodukula and 

Papudesu, 2006). 
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6. Carbonvestment Project Appraisal 

Making carbonvestments provided real options when managers 

acquired the right, but not the obligation, to undertake further action. 

Alpha had considered some carbonvestment activities that could be 

undertaken to better manage its carbon compliance. Alpha did not have a 

specific target for carbon emissions reduction per se. As stated by 

Alpha’s manager: 

“Alpha does not have a target for emissions reductions, but 

rather will seek to minimise compliance costs (beat the carbon price 

in the market). Minimising compliance costs means either: 1) 

reducing operational emissions by direct investment such as 

improving the efficiency of a gas-fired power station; or 2) acquiring 

compliance units below the expected market price for carbon.” 

Alpha provided one of the proposed projects that it hoped would 

reduce its carbon compliance costs. This project involved building a new 

landfill gas (LFG) power station. The project was analysed using 

conventional DCF valuation methods as used by the company. These 

valuations were then be extended using ROV if applicable. 

 

6.1 City Council LFG Project 

Alpha considered a contract that gives it the right, but not the 

obligation, to build an LFG power station to generate electricity within 

the next five years. Alpha’s manager explained that a landfill site was an 

area excavated to receive waste. Modern landfills were commonly lined 

with clay and protective plastic to prevent waste from leaking into the 

groundwater. The landfill area naturally created landfill gases (mostly 

methane and carbon dioxide) as bacteria decompose the buried waste. 

Methane gas was captured and collected via a series of wells that were 

drilled into the landfill, which was subsequently used to fuel turbines or 

engines to produce electricity. Methane was a gas causing global 

warming and was quantified as being 21 times more damaging to the 

atmosphere than carbon dioxide. By capturing the harmful methane gas 

and converting it to energy, LFG facilities could provide a renewable 

source of electricity while reducing pollution to the atmosphere. 

The start-up project under consideration by Alpha was an LFG power 

station to be put in place on or before the fifth year from the acquisition 

of the right. The LFG project involves a 15-year contract with the landfill 
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owner, with a five-year extension option(s) depending on the commercial 

viability of the project at the extension time. The construction time, 

including the time needed until the landfill begins producing methane, 

was around one year. The initial investment outlay was $2,700,000. Once 

the project commences, this amount of initial investment will be 

considered as a sunk cost and as irreversible. The operational expenditure 

to run the LFG power station was $7,500,000 annually, increasing at an 

estimated 2% inflation rate. It will generate 14,000 MWh (Megawatt 

hour) of electricity which can be sold at a rate of $50/MWh (equal to 

$0.05/kWh) to its customers. As LFG is classified as renewable energy, 

under Australia’s Renewable Energy Target (RET) scheme, this project 

would receive one carbon credit, called Renewable Energy Credit (REC), 

for each MWh of electricity generated. It was expected that Alpha could 

secure a contract to sell its RECs at a constant price of $40 for the 

following five years. 

Another possible revenue stream generation from this project was 

from the Carbon Farming Initiative (CFI), which was a regulatory 

framework for the creation of carbon offsets, called Australian Carbon 

Credit Units (ACCU2). By conducting innovative action on the land to 

reduce pollution levels by saving methane gas from being emitted, the 

proposed LFG project would create a significant amount of carbon 

credits. Of these, under the contract with the City Council, Alpha would 

be eligible to receive 65,000 CFI offset credits per year.  

The financial data for the first five-year period of the LFG project is 

presented in Table 2. 

 

                                                           
2 The CFI credits, the CFI units and ACCU are used interchangeably in this research. 
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Table 2. Financial Data for the City Council Landfill Gas Project 

Descriptions Years of the Project 
 

Y0 Y1 Y2 Y3 Y4 Y5 

Capital Expenditure 

($) 

2,700,000 

 

        

Operational 

Expenditure ($) 

 

750,000 765,000 780,300 795,906 811,824 

Electricity generated 

(MWh) 

 

14,000 14,000 14,000 14,000 14,000 

Electricity Price 

($/MWh) 

 

50 50 50 50 50 

RECs generated 

 

14,000 14,000 14,000 14,000 14,000 

RECs Price ($/REC) 

 

40 40 40 40 40 

ACCU generated* 

 

65,000 65,000 65,000 65,000 65,000 

Expected Carbon 

Price ($) 

 

23 24.15 25.4 27.67 29.89 

*offset credits generated under the CFI program are calculated from the total of actual 

Carbon Emissions Reductions in tonnes 

 

Based on information from publicly available documents and 

financial databases, the weighted average cost of capital (WACC) of 

Alpha was found to be 7.99%. However, the managers Alpha stated that 

it should be adjusted to 9.50% as the company demanded a higher rate of 

return than its normal WACC due to the riskiness of the project. An 

adjusted WACC of 9.50% was therefore used as Alpha’s required rate of 

return (the hurdle rate) for this project. 

 

6.2 DCF Valuation and Sensitivity Analysis 

To appraise an investment opportunity, Alpha used DCF valuation 

methods, namely NPV and IRR. As presented in Table 3, NPV of 

expected net future cash flows via electricity generation for the City 

Council project would be approximately -$2.04 million. This negative 
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result of NPV clearly suggested that the project would not be profitable if 

it relied solely on selling energy. Incorporating another revenue stream 

from the sale of RECs would generate a positive NPV with a total present 

value of approximately $1.03 million. As such, the project was profitable 

even before the cash inflows from ACCU were considered. Accepting 

this project and generating revenues from selling electricity and RECs 

would be profitable as long as the WACC did not go beyond 16.13%, the 

project’s internal rate of return (IRR). After adding the revenue from CFI 

credits, the total NPV of the project was approximately $12.80 million. 

Having another revenue stream from the CFI scheme enabled the project 

to create further positive cash flows and became even more profitable. 

This NPV calculation incorporating three sources of revenue was used as 

the base case for subsequent analyses. The carbonvestment valuation 

using DCF at this stage suggested that the project should be undertaken 

and there was no need to perform a ROV as this project was likely to be 

a cash cow under the base-case condition. 

 

Table 3. Summary of DCF Calculation Results for the LFG Project 

Revenue 

Stream(s) 

Start-up 

Expenditure 

($) 

PV of Cash 

Flows 

NPV ($) IRR 

Sell electricity 

only 

-2,700,000 659,719.85 -2,040,280.15 --- 

Sell electricity 

and RECs 

-2,700,000 3,728,364.45 1,028,364.45 16.13% 

Sell electricity, 

RECs and 

ACCUs  

-2,700,000 15,502,946.70 12,802,946.70 63.64% 

 

A sensitivity analysis by varying the operational expense and the 

three types of revenue sources was also conducted. A 10% increase or 

decrease in the operational expense and the forward prices of electricity 

was considered reasonably possible by Alpha, based on its historical data 

relating to its operational activity and to the level of volatility in 

electricity prices. A volatility of 20% in REC prices was based on the 

historical REC price data recorded by the Alpha green trading desk, 

which was a specific unit within Alpha that has dealt with the buying and 
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selling of RECs since the scheme commenced in 2005. As there was no 

carbon market in Australia to trade ACCU at the time of the analysis, the 

price volatility of the CFI units was assumed to be similar to the 20% 

volatility of REC.  

The results of the sensitivity analysis are presented in Table 4. 

 

Table 4. Results of Sensitivity Analysis for NPV of the LFG project 

Sensitivity Analysis NPV % change in NPV 

Base case 12,802,946.70    

Operating expense +10% 13,186,527.27  -3.58% 

Operating expense -10% 12,344,430.96  +3.58% 

Energy forward price +10% 13,261,462.44  -3.00% 

Energy forward price -10% 12,419,366.12  -3.00% 

REC price +20% 13,416,675.62  -4.79% 

REC price -20% 12,189,217.78  -4.79% 

ACCU price +20% 14,764,391.22  +15.32% 

ACCU price -20% 10,841,502.17 -15.32% 

 

6.3 Scenario Analysis 

Two critical factors of the project’s NPV, ACCU and CER prices, 

were further examined in the scenario analysis. As the price of a carbon 

unit had significant impact on the LFG project’s payoffs, choosing 

estimates of the future carbon price for carbonvestment analysis should 

be exercised with caution. 

A good source for understanding the movement of the carbon price in 

a carbon trading environment was carbon price data from the EU ETS. 

The historical carbon price in the EU ETS offers valuable insights for 

carbonvestment analysis as to the price movement over time and the price 

of different types of carbon units allowed to be used for compliance. 
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Thus, the carbon prices traded in the second phase of the EU ETS were 

collected. 

While the data for both Phase 1 and Phase 2 of the EU ETS were 

available, only the carbon prices in Phase 2 were included for two 

reasons. First, the EU ETS Phase 1 from 2005 to 2007 was considered as 

a pilot stage where the European Emission Allowances (EUA) were not 

bankable, meaning that they could not be carried forward to satisfy the 

compliance in the second phase. This led to the EUA price plummeting to 

almost zero when approaching the end of Phase 1 in 2007. In contrast, the 

EUA dated from 2008 could be used not only for Phase 2 compliance but 

also for the following EU ETS phases. In addition, the EU ETS had been 

linked to the international carbon reduction scheme under the Kyoto 

Protocol starting from Phase 2. It allowed the liable entities to use a 

certain amount of the CERs generated under CDM to acquit their carbon 

compliance under the EU ETS.  

The spot price movements of EUA and CER in Phase 2 of the EU 

ETS traded since 26 January 2008 until 6 October 2012 are depicted in 

Figure 1. 

 

Figure 1. EUA and CER Spot Prices in Phase 2 of the EU ETS 

 

The two series depicted in Figure 1 showed that the historical prices 

of traded carbon units in the EU ETS fluctuated quite markedly. Both the 
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dynamics of EUA and CER prices appeared to be related as they moved 

in the same directions during the observed period. CER was found to be 

trading at lower prices than the EUA throughout the observed period. The 

EUA-CER spread appeared to be increasing slightly from 2010. This 

phenomenon was likely due to the fact that the EU ETS had applied the 

limit on the amount of CERs that could be used for compliance purposes. 

Reflecting this evidence from the EU ETS to forecast the carbon price 

in the then proposed Australian carbon market, the price of ACCU was 

more likely to have a similarly fluctuating trend depending on supply and 

demand in the market, instead of a steadily increasing one as projected in 

the carbon price modelling by the Australian Federal Government. The 

price of imported carbon units such as EUA and CER was expected to be 

lower than the price of ACCU due to the effect of the linking of the EU 

trading scheme with the CDM scheme on price formation.  

The modelling developed by the researcher assumed that the price of 

carbon in the then proposed Australian carbon market would experience 

fluctuations driven by the level of supply and demand in the market. The 

fluctuating behaviour of EUA traded in the EU ETS during Phase 2 was 

examined and utilised as the basis to model the possible rise and fall of 

ACCU prices over the observed period. As the historical prices of EUA 

as depicted in Figure 1 showed a random pattern, the likely ACCU was 

modelled to follow a random walk or to have a continuous stochastic 

behaviour using the Geometric Brownian Motion (GBM) technique. 

Applying the GBM technique, the recorded volatility and growth rate or 

drift rate of the historical EUA daily spot prices traded during Phase 2 of 

the EU ETS were used to simulate the likely prices of ACCU from 2015 

(which is denoted as Year 3 for this analysis). The starting price in Year 2 

of the DCF analysis was the fixed Australian carbon price of $25.40 in 

2014. Because historical REC prices traded in the Australian domestic 

REC market were not available, the GBM cannot be applied to model the 

future REC price. Therefore, the estimate of 20% REC volatility 

provided by Alpha was incorporated into the carbonvestment modelling. 

The forecasted ACCU prices based on GBM are portrayed in Figure 2. 
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Figure 2. Forecasted ACCU Price Path using GBM 

 

Four possible scenarios for analysing the LFG carbonvestment 

opportunity were then created. The possibility of occurrence was 

assigned equally to these four scenarios as the Alpha manager did not 

provide the projection of occurrence probability for each scenario. The 

first scenario was the base case NPV that was identical to the one in 

Table 4. The base case NPV was calculated using the ACCU price as 

projected by the modelling of Australian Federal Government. Scenario 

2a was similar to the first scenario, except that it took the possibility that 

the ACCU price would fluctuate into account. If the ACCU price was 

floated as depicted in Figure 2, the projected NPVs could decrease from 

$12.80 million to $7.15 million. The values of the other three input 

parameters considered in the sensitivity analysis (operational expenses, 

the electricity price, and the REC price) that were incorporated into DCF 

calculation for Scenario 1 and Scenario 2a were held constant during the 

15 years of the project’s estimated life. Therefore, these two DCF 

calculations were known as the static DCF valuations. 

Taking the DCF calculation one further step as suggested by 

Kodukula and Papudesu (2006), the researcher computed dynamic NPVs 

by performing Monte Carlo simulations in Scenario 3 and Scenario 4. 

Instead of setting the input parameters of NPV as constants throughout 

the 15-year observation period as in Scenario 1 and Scenario 2, the 

Monte Carlo simulation enabled the input parameters to vary within the 

range of their estimated volatility values as defined by Alpha in the 

previous sensitivity analysis. For instance, performing 1,000 trials in a 
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Monte Carlo simulation for Scenario 2a for the $40 REC price with 20% 

volatility would yield 1,000 simulated NPVs. The expected NPV was 

then computed from the average of these 1,000 simulated NPVs. The 

results of applying a Monte Carlo simulation on Scenario 2a to create its 

dynamic version of NPV calculation was referred to as Scenario 2b. 

Scenario 3 was formed to capture the possibility that the ACCU price 

would fall to the traded price of EUA in the EU ETS. Scenario 3, 

therefore, was formed on similar assumptions as in Scenario 2b except 

that the scenario was based on the current selling price of EUA ($9.97) as 

the starting price of the ACCU. Likewise, the fourth scenario was created 

to incorporate the possibility of the ACCU price falling to the spot price 

of the REC at the time of analysis ($2.46). The results of this scenario 

analysis offer additional insights that the predicted LFG payoffs could lie 

within the range of $4.14 million to $12.80 million. Multiplying each 

estimated NPV from each scenario against its probability of occurrence 

generated an expected NPV of $7.46 million. 

By applying the Monte Carlo simulations in Scenario 2b, 3 and 4, 

better insights were gained for carbonvestment analysis as the modelling 

takes the uncertainty of input parameters in the NPV computation into 

account. The Monte Carlo simulation permitted the modelling of the 

input variables to resemble their real-world behaviour. It enabled the 

incorporation of falling and rising trends, which is known as a stochastic 

process. 

NPVs for each of the scenarios are presented in Table 5. 
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Table 5. Results of Scenario Analysis for NPV of the LFG project 

 Calculated NPV 

($) 

Probability of 

Occurrence 

Expected NPV ($) 

Static NPV 

Scenario 1 12802946.7 0.1 3,200,736.67 

Scenario 2a 7149876.87 -- -- 

Dynamic NPV - simulated using the Monte Carlo technique 

Scenario 2b 7346376.01 0.35 1,836,594,00 

Scenario 3 5562748.43 0.4 1,390,687.11 

Scenario 4 4141638.57 0.15 1,035,409.64 

  Expected NPV 7,463,427.43 

 

6.4 Stress Test Analysis 

As both the sensitivity analysis and scenario analysis suggested that 

the LFG project was a profitable investment, a stress test was conducted 

to determine how the estimated NPV reacts to some plausible stressors. 

The stress test involved three variables relating to revenues for the LFG 

project: 

Electricity price: varied with 10% volatility during the 15-year period. 

Future REC price: varied to range between $20-40 during the period. 

Future ACCU price: varied but modelled as falling to the price of the 

present REC spot price traded in the EU ETS, which was around 

$2.46 at the time this analysis was conducted. 

Changing variables for the first five years of this stress test scenario 

and the summary results of its DCF computation were presented in Table 

6. 
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Table 6. Results of Stress Test for NPV of the LFG project 

  Pricing ($) 

Variable Unit Y1 Y2 Y3 Y4 Y5 

Electricity 

Price 

$/MWh 50.00 45.00 45.00 45.00 45.00 

REC Price $/unit 40.00 30.00 20.00 20.00 25.00 

ACCU 

Price 

$/unit 3.00 2.50 2.00 3.00 3.25 

Start-up Expenditure -$2,700,000.00 

PV of the Project Net Cash Flows -$2,474,684.71 

NPV -$225,315.29 

IRR 7.36% 

 

The LFG project, with a positive NPV of $12,802,946.70 under the 

base case scenario, became a loss-making project with a negative NPV of 

$225,315.29 under the stress test condition in Table 6. Similarly, under 

the stress condition, the project’s IRR (7.36%) was smaller than Alpha’s 

adjusted WACC (9.50%). Both results suggested that the returns 

generated from this project were not sufficient to justify the decision to 

accept the project. Relying merely on the results of DCF analysis, NPV 

and IRR, Alpha would reject the project proposal. However, RO logic 

offers the possibility of waiting and postponing the start of the project 

until more relevant information could be collected in the future. The 

value of the option to wait, also known as the option to delay or to defer, 

for the LFG project under stress conditions could be computed using 

ROV. 

 

6.5 ROV Analysis: An Option to Delay 

If the extreme hypothetical stress condition eventuates, the LFG 

project’s NPV becomes a relatively small negative value. Alpha could 

then consider the option to invest now or to postpone the LFG project on 

a year-by-year basis over the next five years. Under the extreme situation, 
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the present value of the LFG project was approximately $2.47 million 

whereas the investment value to implement the landfill project is 

approximately $2.7 million. The uncertainty or annual volatility of the 

expected net cash flows from the project was approximately 67.13% and 

the risk-free rate over the following five-year period as estimated above 

is 4.25%. Two types of ROV, Black-Scholes model and binomial lattice 

with risk-neutral probability techniques, were conducted with the above 

inputs.  

Binomial lattice, which looks like a dual branching decision tree, 

displays two different values – asset values and option values. These are 

the estimated present values from the accumulated net cash flows 

generated from the project activity being valued. The lattice evolution of 

these asset values starts from left to right (i.e. from the very first node on 

the left (S0) to the last nodes in the last time step). They are calculated by 

multiplying the value at the very first node on the left by the up factor 

and the down factor to obtain the two following nodes. The first node (S0) 

shows the current value, which is similar to the standard PV of cash 

inflows under NPV analysis. 

Kodukula and Papudesu (2006) suggest that five or six time 

increments are sufficient in a binomial lattice for obtaining a final value 

which is not significantly different from the Black-Scholes solution. 

Accordingly, a binomial lattice with five time increments for year-by-

year appraisal is used for ROV analysis in this research. Thus, in the first 

time step in Figure 3, the expected value of the project is either up to the 

asset value at S0u, or down to the asset value in S0d at the end of the first 

year. 
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Figure 3. Year-by-Year Binomial Lattice for ROV 

 

Under hypothetical stress test conditions, the binomial lattice for an 

option to delay the commencement of the LFG project is presented in 

Figure 4. The upper numbers on the binomial lattice are the estimated 

values of accumulated cash flows from the LFG project. Meanwhile the 

bottom numbers represent option-to-defer values at each node. The 

current situation (S0 in node A) has the project value of $2,474,684.71 

(2.47 million in Figure 4) and the deferral option value of $1,463,106.78 

(1.46). In the first time step, the expected value of the project will be 

either up (S0u) to $4,842,576.24 (4.84) with the deferral option of $3.33 

million, or down (S0d) to $1,264,629.43 (= 1.26) with the deferral option 

of $0.47 million at the end of the first year, and so on. 
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Figure 4. Binomial Lattice for an Option to Delay for the LFG Project 

 

 

Starting from the left (node A), if Alpha exercises the landfill project 

by investing $2,700,000.00 (i.e. X = 2.7 in Figure 4), the cash flows 

generated would be $2,474.684.71 (2.47), resulting in net loss of 

$225,315.29 (NPV under the stress test conditions). As stated above, 

investing at time 0 gives a similar result as the NPV analysis. Waiting to 

exercise the project offers a value of $1,463,106.78 (= 1.46). Hence, it is 

worth deferring the landfill project at this stage. Moving the analysis on 

to the intermediate node at the end of year 3 with 1 down factor (S0u2d), 

called node B in Figure 6.8, to invest $2,700,000.00 (X = 2.7) in the 

landfill project will generate cash revenues with a present value of 

$4,842,576.24 (4.84), resulting in a net payoff of $2,142,76.24 (2.14). 

Keeping the option alive shows a higher asset value of $2,888,817.78 

(2.89), hence one would continue waiting at this node. 

At the last time step, incorporating the downstream risk at node 

S0u4d, denoted as node C in Figure 4, the expected carbon credit value is 

$18,543,412.07 if Alpha exercises the landfill project. Alpha will obtain a 

net payoff of $15,843,412.07 by investing $2,700,000.00. RO logic 

suggests executing the landfill project as the valuation turns out to be 
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favourable at this node. Here, Alpha can no longer delay the investment 

project as the option will expire after the five-year period. The 

option-to-wait values at the end of the option life will become worthless. 

Notably, the option to invest should be exercised at nodes where the 

option values are not zero (Kodukula & Papudesu 2006). Therefore, 

Alpha would be better not to start the LFG project at node S0d3 and its 

subsequent branches. Extending the LFG project appraisal using the 

ROV method would not alter the decision based on the DCF analysis to 

not start the project under the hypothetical stress test situation, but it 

provides a broader insight for the Alpha manager as to the strategic 

options to defer the project until the situation becomes favourable. This 

ROV analysis clearly reveals that taking into account managerial 

flexibility to delay the investment and handle the uncertainty of the 

investment project facilitates better-informed decision-making under 

sensitivity conditions. 

The results of the two types of ROV are presented in Table 7. 
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Table 7. The Value of the Option to Delay for City Council LFG Project 

  NPV ROV  

   Black-Scholes Binomial 

Method 

Input Data    

Strike price (investment cost) ($) -2,700,000.00 -2,700,000.00 -2,700,000.00 

Present value of future cash flows 

($) 

2,474,684.71 2,474,684.71 2,474,684.71 

Riskiness of the project/volatility 

(annual) 

 67.13% 67.13% 

Risk-free rate of return (annual)  4.25% 4.25% 

Time to expiration (years)  5 5 

Calculated Parameters    

d1   0.834  

d2   -0.667  

Up factor (u)    1.957 

Down factor (d)    0.511 

Risk-neutral 

probabilities (p) 

   0.368 

Results     

NPV ($)  -225,315.29 -225,315.29 -225,315.29 

RO value ($)   1,423,566.75 1,463,106.78 

Value added ($)   1,648,882.04 1,688,422.07 

 

Both ROV calculations using the Black-Scholes and binomial lattice 

methods resulted in an estimated option-to-wait value of around $1.6 

million, suggesting that it was worthy to defer the commencement of the 
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LFG project. Otherwise, the project could be an unprofitable project with 

an approximate negative NPV of $225,315.29 if the stress conditions 

eventuated. Both techniques yield relatively similar option values. 

However, the binomial approach offers clearer logic and strategic 

pathways for decision makers, as depicted using one-year time steps as 

seen in Figure Y.8. 

 

6.6 ROV Analysis: An Option to Choose 

As shown in Table 5, the scenario analysis resulted in expected NPVs 

amounting to $7,463.427.43, suggesting that it is highly likely to be a 

profitable project under the current identified parameters. Alpha therefore 

should invest right away and assign a go decision to commence this LFG 

project. A ROV to examine the option to postpone as is discussed in the 

previous section is probably not needed at the present situation. As 

emphasised by Kodukula and Papudesu (2006), the option to wait 

provides the most value to appraise a project that has either negative or 

relatively small NPV with high uncertainty, which, when the uncertainty 

clears, may boost the project into the high-NPV territory. 

Under the likely scenario analysis, the project should be undertaken 

now. At the third year, when Australia commences its carbon flexible 

carbon price in an ETS environment, Alpha will consider strategic 

opportunities relating to this LFG project. The opportunities include the 

options to expand the project if the forecast price of ACCU is increasing, 

to scaling it down if the future payoffs are predicted to be deteriorating, 

or even to completely abandon the project if the situation is getting worse 

than predicted. ROV can be applied in valuing these options on the 

already-operating LFG project. This example is a ‘chooser option’ (Mun 

2002) where Alpha can choose one of four mutually exclusive identified 

strategies on the LFG project – to expand, to contract or to scale down, to 

abandon, or to continue the project as is by keeping the previous three 

options open. 

If the carbon trading phase commences a year later, the project would 

have been in place for two years. Using a weighted average of expected 

NPVs from the scenario analysis in Table 5, the present values of 

projected future cash flows generated from the project are $7,463,427.43. 

An estimated volatility of the logarithmic returns on these projected cash 

flows is 10.16% [= ]. The risk-free rate is 4.25% [= Rf] over the 
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following five years [= t]. Alpha is considering a chooser option 

comprising an option to contract, an option to expand, or an option to 

abandon the LFG project at any time during the five-year period. Alpha 

can either scale down 35% [contraction factor = 0.65] of the current 

operation to save $1,829,546.24 [= savings of contraction], expand 20% 

[expansion factor = 1.20] of the project by investing an incremental value 

of $1,045,454.99 [= cost of expansion] or shut down the LFG operation 

and sell the property for a salvage value of $900,000.00 [= salvage value]. 

Analysing these types of strategic opportunities is best done using the 

binomial lattice (Kodukula & Papudesu, 2006). Therefore, a five-step 

binomial calculation using a one-year time step was conducted (see Table 

8 and Figure 5). 
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Table 7. The Value of the Option to Choose for City Council LFG Project 

   NPV ROV 

Input Data    

Present value of future cash flows 

($) 

 7,463,427.43 7,463,427.43  

Riskiness of the project/volatility 

(annual) 

  10.16 % 

Risk-free rate of return (annual)   4.25 % 

Time to expiration (years)   5 

Expansion factor   1.20 

Cost of expansion   1,045,454.99 

Contraction factor   0.65 

Savings of contraction   1,829,546.24 

Salvage value   900,000.00 

Calculated Parameters    

Up factor (u)    1.107 

Down factor (d)    0.903 

Risk-neutral 

probabilities (p) 

   0.688 

Results     

NPV ($)   7,463,427.43 7,463,427.43 

RO value ($)    7,749,021.08 

Value added ($)    285,593.65 
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The NPV of the LFG project based on the DCF method under the 

scenario analysis is $7,463,427.43 (7.46 in the first node in Figure 5), 

compared to the chooser option value of $7,749,021.08 (7.75). The 

difference of $285,593.65 is the value added to the LFG project by real 

options which Alpha managers can take into account in making the 

strategic project decisions. This value of the combined option has a 

higher value than any of the individual values of option to expand, option 

to contract and option to abandon. Notably, the summation of their values 

would not be necessarily equal to the chooser option value because these 

options are mutually exclusive and independent of each other (Kodukula 

& Papudesu, 2006). 

 

Figure 5. Binomial Lattice for Option to Choose for the LFG Project 

 

The asset value at each node of the tree is first calculated in a similar 

way to analysing the option to wait. It starts at node S0 with the 

underlying project’s payoffs of $7,463,427.43 (7.46), then multiplied this 

figure with the up and down factors to obtain $8,623,213.38 (8.62) and 
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$6,900,424.14 (6.90) respectively. The rest of nodes of the asset value 

lattice were calculated in the same way. 

The option values for the options to expand, contract and abandon are 

then calculated individually using backward induction. At every node, 

each of these three options to expand, contract and abandon are compared. 

Of these, the option that has the highest value should be exercised only if 

its value is higher than the continuation alternative. Otherwise, Alpha 

would be better off by keeping the option open and continuing the current 

operation. The choices that provide value maximisation of these four 

different mutually exclusive options for Alpha are presented as the 

chooser option values, the bottom numbers in the binomial lattice in 

Figure 6. 

For instance, at the last time step or Year 5 of the analysis period, the 

chooser option of $13.22 million at node S0u5 is obtained through the 

value maximisation from comparing all the option values as follows: 

Value of expanding: 20% of the extant operation - cost of expansion 

[20% ($12,405,568.25) - $1,045,454.99 = $13,220,948.50] 

Value of contracting: 65% of the existing operation + savings [65% 

($12,405,568.25) - $1,829,546.24 = $9,893,165.60] 

Value of abandoning: salvage value of the property 

Value of not exercising one of these options and continuing the 

present operation: value in the underlying asset lattice 

An option to choose is then chosen from the strategy as it has the 

largest value amongst these four options. Maximisation of expansion, 

contraction, abandonment and continuation suggests that Alpha should 

exercise the option to expand 20% of the LFG project scale. Accordingly, 

the option to choose at node S0u5 becomes $13.22 million. 

For simplicity, the binomial lattice showing all optimal values for the 

chooser options can be mapped into a decision lattice in Figure 6. This 

figure shows that the probability to abandon the project is zero. The most 

likely maximisation decision is the expansion of the current operation, 

which is recommended in 71.43% (calculated from 15/21 nodes) during 

the five-year analysis period. Under the situation described in the 

scenario analysis, the option to scale down 35% of the LFG project is 

advisable to be executed at the end of year three to year five, with the 

probability of 25% (1/4), 20% (1/5), and 16.67% (1/6), respectively. The 
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option to continue the project as is exists in year 4 with a 20% (1/5) 

likelihood and in year 5 with a 16.67% (1/6) probability. 

 

Figure 6. Decision Lattice for Option to Choose for the LFG Project 

 

 

7. Discussion and Conclusion 

During the data collection process, managers of the case company 

suggested that DCF method has been used by the company to appraise 

investment projects. This is consistent with the findings of prior studies 

(Bennaouna, Meredith & Marchant, 2010; Haka, 2007). The application 

of the ROV technique is found to be useful to help make better-informed 

decision-making. However, the emphasis should be more on highlighting 

the underlying assumptions that drive decisions in the binomial lattice. In 

addition, the ROV analysis results should be communicated in a way that 

links them to the common parameters used as the threshold for making a 

decision to execute the project such as the rate of return.  

RO analysis offers a strategic way to incorporate carbon exposure in 

investment decision making. Carbonvestment opportunities provide real 

options when managers acquire the right, but not the obligation, to 

undertake further action. RO analysis enables the identified investment 

options to be optimally valued for investment decision making in the 
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carbonomics era, which is overlooked by conventional NPV analysis. 

Accordingly, RO theory may shed new light to improve understanding of 

uncertainty, and the flexibility and strategy that need to be addressed by 

carbon emissions regulated firms in allocating financial resource 

investments in a carbon constrained economy. 

We have demonstrated that the practical applicability of the RO 

approach in the share markets can be duplicated in the carbonvestment. 

In the share markets, modelling possible options if a share price hits a 

certain value is feasible as there are set parameters within which share 

prices can move. Most other investment projects, however, do not have 

such value parameters as the market for such projects is generally illiquid. 

The use of RO approach in appraisal of investment projects is therefore 

uncommon. However, with the introduction of a carbon market or similar 

future pricing structure, these market-value parameters will be present. 

As such, the RO approach can be used as a robust and practical approach 

to investment appraisal in the carbonomics era. 
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