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Abstract 

In this paper, real options theory is utilized to evaluate the effect of uncertain 
electricity and CO2 costs on speculation conduct. Methodologically, the 
allegiance of the newspaper in this appreciation is that uncertainty is not just 
stopped down as far as stochastic processes and their fluctuation, additionally as 
far as expected and acknowledged procedures, i.e. the procedures, which are 
used as a constituent of the progression system, and the processes that the 
speculator really confronts when picking the choices as per his ideal 
methodology. We utilize the components of portfolio theory and consolidate 
them in a vintage setting, keeping in mind the end goal to conquer the lack of it 
and advantage from that focal point, while as yet having the capacity to think 
about element portfolios. The idea is to not just discover portfolios that augment 
returns subject to a predefined level of danger or the other way around keeping in 
mind the end goal to place the ideal system of innovations at a period in time, yet 
to decide the ideal means of advancement of such a portfolio after some time, 
given changing information costs and continuous mechanical advancement and 
exposure about these processes. In other words, we locate the ideal portfolio over 
advancements, as well as crosswise over time and quality. 
Keywords: Energy planning, sustainability, real options theory, portfolio theory 

 
1- Introduction 
1-1- Monetary growth and the environment 
   Energy consumption is a suitable criterion for specifying the advancement and quality of life in the 
country. Continuing of energy supply and the long- term access to tax incomes needs a general 
planning for energy and thus energy planning is an undeniable need for economy, national, and 
strategic prospects of provision.  The main aim of this study is performing an energy planning model 
in an uncertain environment. 
   Energy planning is an integrated policy that considers suitable supply conditions of energy and how 
energy production and transformation to minimizing environmental damages. Energy plans, 
determining a scene and reference for the energy system and considering the keeping of equivalence 
for the supply and demand in this scene. Energy planning traditionally had a capital role in laying a 
theoretical account for the energy sector structure. Only in the past two decades, many states were 
standing from the restructuring of the energy system and therefore the purpose of energy planning is  
decreased and the decision making in this regard almost was left largely to market and this led to 
increasing competition in the energy sector. 
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   Financial development has dependably involved an expanding interest for vitality, of which power 
makes a notable character. As per the IEA World Energy Outlook 2004, vital interest will be 
ascending by 60% somewhere around 2002 and 2030. Particularly creating nations, for example, 
China and India will demand and request vitality as they further industrialize and start to follow. 
In the meantime, the larger part of the vitality creation overall still depends on fossil powers and some 
creating and move nations have substantial and inexpensively available fossil fuel stocks, most 
eminently in coal and oil. Moreover, propelled countries like Canada likewise still profit by 
mechanical advances that make e.g. the misuse of tar sands temperate and in this manner grow 
accessible oil sources at the nation level (Azevedo and Paxson, 2010). 
   There are two clashing needs in question here. From one perspective, monetary development and 
the expanding interest invitality that goes with this development should be managed and satisfied. 
Then again, the supply of more vitality dependably likewise suggests a strain to the earth through the 
weariness of assets, as well as significantly all the more so as far as expanded outflows and quickened 
an unnatural weather change with – to some degree – dubious, at the end of the day antagonistic 
impacts. 
   In light of the expanding worries about a dangerous atmospheric deviation and vitality, security, 
numerous approach producers in Europe are as of now advancing the utilization of power from 
renewable sources in the course of the most recent decades What arrangement can accomplish as far 
as changing the motivations of speculators in the power segment relies on upon how financial 
specialists respond to changes and stuns in the key variables included in their choices. 
It is in this manner important to build up a sound and the intensive comprehension of basic leadership 
in the power division before any approach proposals can be planned. In this paper, the emphasis will 
be in the era of power since that is the procedure contributing the most to worldwide CO2 discharges. 
The era of power and how the creation of the division’s generation innovation blend will create is 
dependent upon the choices that financial specialists have made and are making today. Since interests 
in the power area are knotty and connected with substantial sunk expenses in advance, power will be 
created with whatever plants are introduced now for the coming decades. 
The vulnerability can influence these choices and their timing significantly. This incorporates 
instability not just about fuel costs and other cost things, additionally vulnerability about the future 
stringency of approach and regulation and instability about the rate of mechanical advancement. 
 
1-2- Methodology 
   Prior studies on venture under vulnerability (e.g.( Hartman ,1972), (Abel , 1983),( Nickell ,1978)) 
have found a beneficial outcome of vulnerability on speculation. In the power area, this would suggest 
that advancements displaying instability would be embraced before. Contingent upon which 
instability speaks to the bigger effect, either fossil-fuel-based or renewable innovation would be put 
into before. 
   Later demonstrating approaches incorporate real options theory, which commonly finds a deferment 
of speculation as a reaction to vulnerability, and portfolio theory, which tries to minimize hazard for a 
given level of expected return, consequently concentrating more on the danger return tradeoff and 
permitting the speculator to decide ideal blends of advances at various degrees of hazard avoidance 
(Smit and Trigeorgis ,2012).This paper is worried about the examination of speculation under 
vulnerability in the power area with the objective of discovering suggestions for the strategy creator, 
who is worried about practical vitality improvement. 
   In energy sector of the country, the external cost is costs that impose to the society and environment 
in the effect of production, transmission, transformation, and consumption of energy. Lack of 
attention to environmental costs of electricity production cause detrimental effects on the resources 
used and as the driving force generation system will lead to instability. It seems that the estimated 
environmental costs and the cost of electricity generation are a step to the clarification of producing 
goods and services in the energy sector. The designation of electricity generation is based on the 
activities of revenue increase and load management that is possible with integrated management of 
resources. Since that integrated planning of energy resources including social, economic and 
environmental issues, it is expected that power generation done with complete integrity.    
   The power area is portrayed by instabilities, extensive, in advance sunk expenses and in this way 
irreversible speculation, and the flexibility of venture to be presented or to be put off. In this way, it 



3 
 

merits extraordinary treatment, since a standard Net Present Value (NPV) examination views venture 
open doors as “unequivocally” decisions and does not consider the advantages from holding up and 
broadening involved by instability. Real options hypothesis is an apparatus, which is especially suited 
to esteem the choice of having the capacity to time ventures in an unexpected way. It is utilized here 
to research, which sorts of instability animate speculation and what that infers for the strategy creator. 
A commitment to the current writing is the way how we recognize expected and real estimations of 
the questionable parameters that we examine. This permits us to make a reasonable qualification 
between the impacts radiating from various sorts of instability. Standard meandifference portfolio 
hypothesis as has already been connected to venture into non-money related resources is nearsighted 
and takes a gander at the danger return exchange off at one point in time. In any case, we believe that 
helpful extra bits of knowledge can be picked up from permitting the financial specialist to have 
diverse inclinations over danger and in this way the structure of his innovation portfolio since 
vulnerability will clearly make an interest for supporting. 
   This paper has concentrated on two techniques specifically that consider vulnerability. These two 
strategies are real options hypothesis and portfolio choice. Real options hypothesis is a dynamic 
hypothesis, where the control is the timing of speculation. Instability is spoken to by stochastic info or 
yield costs or different parameters. Standard meandifference portfolio choice to the extent connected 
to non-budgetary resources, then again, dissects speculation at one point in time and is along these 
lines characteristically nearsighted 
 
2- Venture theories under uncertainty and irreversibility  
2-1- Orthodox investment theories  
   Conventional financial aspects writing about venture began with Jorgenson (1963). More or less, his 
methodology, which depends on the neoclassical hypothesis of ideal capital accumulation,1 analyzes 
the estimation of the peripheral result of capital in every timeframe with the client expense of that 
capital. Comparing those terms then conveys the ideal capital stock, from which we can determine the 
rate of the venture. 
In the 70s and 80s, the hypothesis was reached out by various original studies that at last recognized 
the significance of modification expenses to give a practical record of venture conduct. Most 
prominently, Hartman (1972), Nickell(1978) and Abel (1983) have all created speculation models, 
which are suitable for breaking down the impacts of instability on interest in structures where change 
expenses are non-zero. Their deficiency lies in the presumption that the venture choice is a “for the 
last time” open door. Lensink et al.(2001) call attention to this are the motivation behind why these 
models have by and large performed rather inadequately when connected econometrically. The 
adaptability to time speculations diversely infers that prior the chance to put at a later point in time by 
contributing now ought to be esteemed in like manner. This has been overlooked in these studies. 
 
2-2- Real options theory 
   The extraordinary elements of the power part (vulnerability, irreversibility and the adaptability to 
put off speculations) make standard venture rules depending on the Net Present Value (NPV) 
unseemly on the grounds that they regard speculation open doors as “for the last time” chances and 
subsequently disregard the choices included in the grouping of choices. A choice as it is implied here 
is the privilege, yet not a commitment, to understand a speculation opportunity. 
   Real options theory gives a system, in which speculation under vulnerability can be examined when 
irreversibility and adaptability as for the timing of successive choices are included. Initially created 
for esteeming monetary choices in the 1970s (Black and Scholes, 1973), financial specialists soon 
understood that choice estimating additionally gave significant knowledge into basic leadership 
concerning capital speculation. Early systems were created by McDonald and Siegel, (1986), 
Pindyck,(1988,1991,1993) and Dixit and Pindyck(1994). The fundamental thought is that standard 
venture hypothesis depending on NPV calculations for the most part don’t consider the connection 
between three critical attributes of various speculation choices: the irreversibility of most 
speculations, which infers that a significant bit of the aggregate venture expense is sunk, the 
vulnerability encompassing the future money streams from the speculation, which can be influenced 
by e.g. the instability of yield and info costs, and the chance of timing the venture adaptable. To 
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concede a speculation as an alternative implies that we can allocate a quality to holding up. At the end 
of the day, financial specialists acquire data about the vulnerability that encompasses monetary 
choices as time cruises by. In this manner, staying adaptable by putting off choices has an alternative 
worth if the level of vulnerability confronted is sufficiently enormous. 
   Real options theory has been connected in an inconceivable number of fields, for example, the 
valuation of investigation tasks of normal assets like e.g. oil (Diaz,2004), the weighing of 
irreversibility in normal harms versus the irreversibility included in conferring assets to moderation 
endeavors (Kolstad, 1996a and 1996b), (Ulph and Ulph, 1997), and the arranging of framework 
(Garvin and Cheah, 2004)[18]. In this paper, be that as it may, we are basically worried about the 
utilization of Real options techniques for power arranging. 
 
2-2-1- The early literature 
   Options pricing had initially been created to esteem budgetary choices in the 1970s (Merton, 1973). 
As of now around then, market analysts understood that the irreversibility required in numerous 
monetary choices concerning venture likewise makes an alternative quality for non-money related 
resources. 
   Later models in which monetary choice estimating was purposely adjusted to the valuation of 
“option” resources can be found in Pindyck (1980), Brennan and Schwartz (1985), McDonald and 
Siegel (1986), Majd and Pindyck (1987) and numerous others. McDonald and Siegel (1986) propose a 
model in which the financial specialist needs to confer assets for a venture with worth V[9]. The 
venture choice is irreversible, so the expense of task I is sunk. Both the estimation of the venture and 
the speculation expenses are stochastic variables developing in time. At the point when the proportion 

of the two variables achieves a basic level( / )V I% , the open door expense of conferring assets has 
contracted to zero and it is ideal to practice the choice, i.e. to contribute. 
    The applications to asset extraction ventures have been unfathomable in real options hypothesis. 
Numerous creators have focused on the oil business, where significant venture costs of investigation 
and the working of the stages must be made. Other imperative commitments are by Pindyck (1988, 
1991) where the last additionally gives a decent diagram of the writing on irreversible speculation 
around then. The previous adds to the writing specified above (Brennan and Schwartz 1985),( Majd 
and Pindyck, 1987) by not just considering a discrete task that can be put into or not, but rather 
additionally the likelihood to put into littler industrial facilities and extend later on. A vital finding is 
that (interest) uncertainty has two impacts: from one perspective, it builds the estimation of a unit of 
limit. Then again, it expands the estimation of the association’s speculation choices, since irreversible 
venture turns out to be all the more exorbitant regarding the open door expense of practicing that 
alternative (C.K.C.K.T,2013). 
 
2-2-2- Later frameworks  
Income and Technological Uncertainty  
   While a great part of the work from the 1980s focused on vulnerability about the estimation of an 
undertaking or a firm, where the planning of sunk expenses of known extent was advanced, the 1990s 
brought more involved systems, where the venture cost itself could be indeterminate and where 
refinements between various sorts of instability got to be conceivable. The paper by Pindyck,(1993) 
for instance, recognizes the way that for huge tasks or activities that require introductory R&D stages, 
speculation cost instability may assume a bigger part than the worth upon fruition. 
   The instinct behind these outcomes is that specialized vulnerability dependably passes on the 
likelihood that the real cost to finishing may turn out to be sufficiently low to make the speculation 
beneficial. Moreover, the reality about these expenses might be uncovered if speculation happens. 
In this paper, we find comparable results for the impacts of info cost instability, yet the worry with 
specialized vulnerability is not the same as Pindyck’s (1993). What we need to concentrate on are less 
the (unfriendly) advancements that may happen amid development and how they can influence all out 
culmination cost, yet more the instability that exudes from the procedure of specialized change. Since 
the power segment is set apart by a staggering impact of fossil-fuel-based power creating gear, of 
which a noteworthy part has as of now achieved mechanical development, it is intriguing to 
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investigate if the promising, however, questionable advancement of new advances in view of 
renewable vitality bearers can have any kind of effect for aggregate future power procurement. 
Different studies focused solely on innovative vulnerability is by Balcer and Lippman (1984), a more 
seasoned paper which is like Farzin et al. (1998), and Grenadier and Weiss (1997). The last don’t just 
consider stochastic advancements, yet speculators that receive new advances in their model 
additionally get to be ready to advantage more from future developments, which can be viewed as a 
learning impact. Their outcomes demonstrate that an expansion in unpredictability has the impact of 
deferring venture, which is in accordance with the discoveries of Farzin et al. (1998) furthermore 
Balcer and Lippman (1984). 
 
Environmental Uncertainty 
   Another range where real options theory has been connected is the valuation of “natural resources”. 
These benefits incorporate inland waters and seas, land, woods, species, the ozone layer and to wrap 
things up the air. The thought behind utilizing real options systems for choices concerning ecological 
resources is that harm to them will, for the most part, be portrayed by irreversibility. With regards to a 
worldwide temperature alteration, regularly referred to irreversible harms are the potential shutdown 
of the thermo  line flow, ascend in ocean levels as ice masses and the Antarctic melt, unforeseeable 
changes in climate and wind examples, et cetera. The vulnerability encompassing these potential 
impacts is amplified by the absence of learning of the limits, past which these situations get to be 
conceivable. Another intricacy is the long time skyline we need to take a gander at and the time 
slacks, with which moves make an impact. 
 
Policy Uncertainty 
As has been said in the past area, it is characteristically unverifiable how precise nature reacts to the 
GHG discharges that undeniably aggregate in the air. While there is a developing assortment of proof 
giving backing that a worldwide temperature alteration is happening and that the anthropogenic 
portion of GHG emanations quickens the rate at which this is occurring, there is still contradiction 
about the definite degree of the harms connected with this procedure, the pace of the warming and the 
conduct of the framework concerning decrease measures. Albeit even the ecological familiarity with 
the general population has as of late been mixed by Fourth Assessment Report once more, 
campaigning of vested parties against CO2 arrangements is proceeding (I.P.O.C ,2007). This makes a 
more than troublesome position for the arrangement creator, who is not a specialist in the art of a 
dangerous atmospheric deviation and environmental change. With a surge of increasingly and less 
helpful data and impressions from the media and advisors, it is hard to shape a reasonable conclusion 
and to distil the right signs for arrangement activity. This sort of vulnerability is less "unsurprising" as 
in strategy, for example, the level or pattern of the CO2cost could change definitely eventually in time. 
Demonstrating vulnerability by giving the value a chance to take after a stochastic procedure is not 
adequate to represent such an expansive degree of instability. 
   There is still extension for further research in the field of strategy vulnerability, and especially so 
regarding environmental change arrangement, which will gravely affect venture designs in the power 
area sooner rather than later. It is beneficial to break down how venture reacts to changes in the 
pattern of a procedure and not just how diverse sorts of stochastic procedures can be utilized to copy 
approach instability. Arrangement creators can then utilize this data to adjust their own particular 
conduct relating to the objectives that they need to accomplish, while speculators can remove valuable 
bits of knowledge for their own specific manner of shaping venture techniques. 
 
Real Options Models in Electricity Planning 
   Real options considerations, which are expressly intended to dissect speculation conduct in the 
power part are various and concentrate on altogether different issues: in their book, Dixit, and Pindyck 
as of now exhibit the value of this way to deal with bolster basic leadership in power arranging 
(1994). Tseng and Barz (2002) and Hlouskova et al.(2005) and Deng and Oren (2003) amongst 
numerous others have examined the impacts of e.g. variability in burdens and the consideration of 
particular operational limitations on venture. 
   A determination of some other intriguing applications concerns research financing, power 
exchanging and the significance of the business sector structure. Davis and Owens enhance the 
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measure of renewable vitality R&D by esteeming the potential investment funds from creating 
renewable vitality even with fluctuating fossil fuel costs (Davis and B. Owens, 2003). Chaton and 
Doucet (2003) join the exchange of power and consider likewise request and fuel value instability, 
load length bends and hardware accessibility. Keppo and Lu examine how an expansive power maker 
frames his choice to create some arranged amount of force and how this can influence the business 
sector cost of power (Keppo and Lu, 2003). 
   Being a rule from money particularly like alternatives hypothesis was already created to esteem 
monetary choices; portfolio determination approaches have likewise been surrounded and connected 
to non-budgetary resources. The subsequent writing is by a long shot not as boundless as that for real 
options yet; however, there are various exceptionally intriguing applications that should be assessed 
here. Cases incorporate the valuation of seaward oil leases (Helfat, 1988) and the valuation of 
financing long-haul ventures (Seitz and Ellison, 1995). Additional fascinating for this paper, be that as 
it may, are the applications including vitality arranging. Despite the fact that the principal endeavor 
goes back the length of 1976 (Bar‐Lev and Katz, 1976), enthusiasm for the subject has just emerged 
again of late (Awerbuch and Berger, 2003). A full record of this work is given in a late article by 
Awerbuch (2006). 
   While we have finished up with our presentation of the real options approach that speculation and 
vulnerability are for the most part contrarily corresponded, a comparative explanation can be made 
about the venture instability relationship in ideal portfolio models: as the vulnerability connected with 
one resource expands, its extent in the benefit portfolio ought to be diminished by either diminishing 
venture into that advantage or expanding interest in less dangerous resources so as to keep up the 
greatest expected return for a predetermined level of vulnerability or to minimize the vulnerability for 
a predefined level of expected return. 
   There is another group of writing that gives valuable bits of knowledge into the progression behind 
venture conduct. While the models said so far all treat the current and future capital stock as being 
homogenous, vintage models consider the way that new vintages of capital regularly typify the most 
recent advantages of innovative change. The center thought is that financial specialists need to 
introduce another bit of gear before they can profit by the specialized advancement that has made that 
bit of hardware more effective than the one that was already utilized. 
We have picked real options theory and portfolio choice in the mix with vintage demonstrating as a 
premise for our displaying approaches since they permit us to make full note of the vulnerabilities and 
irreversibility invading venture choices. In addition, real options hypothesis is especially suited to 
venture subject to irreversibility when the speculation date can be picked adaptably. Despite the fact 
that calculations get to be perplexing moderately rapidly, this methodology has the upside of being 
inalienable progressive, while portfolio hypothesis produces “just” a nearsighted photo of the ideal 
speculation choice. Be that as it may, the upside of portfolio hypothesis is that it makes note of the 
advantages from expansion. 
   The development of the real options models displayed in this paper is the (moderately new) sort of 
instability that we fuse, in particular, the vulnerability radiating from vague strategy signals 
concerning environmental change approach (Blyth and Hamilton,2006). We utilize both the vintage-
portfolio model and the real options structure to dissect the effect of fuel cost and innovative 
instability on speculation designs. By encouraging true information into our models, we can test the 
legitimacy of our discoveries for real ventures, despite the fact that the models remain exceedingly 
adapted and the outcomes ought to be taken as a representation as opposed to as a numerical 
examination to be taken at face esteem. 

 
3- Fuel price & technological uncertainty in a real options model for electricity 
planning 
   Financial specialists in the power division will choose what sorts of plants will be introduced sooner 
rather than later. Those plants will then are utilized for the coming decades and add to aggregate 
outflows while combusting fossil fills. This issue is applicable to both industrialized nations with 
rising substitution request and creating and move nations, where rapidly rising vitality request drives 
the requirement for all the more producing limit. These contemplations show that power arranging is 
encompassed by various instabilities. For instance, direction and fluctuating CO2 costs on speculation 
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choices. Another wellspring of vulnerability – most up and coming on account of force plants 
terminated by fossil powers – is the danger connected with the unpredictability of (developing) fuel 
costs.   As an illustration, figure 1 demonstrates the development of the spot cost of coal for the time 
frame 2011-2016. Oil and gas costs vary considerably all the more pointedly. This can prompt 
impressive misfortunes for the individual influence maker, additionally to a noteworthy misfortune as 
far as a nation’s GDP. 
 

 
 

Figure 1. Daily spot prices for coal in Euro/t (2016) 
 

   It is in this manner vital to see how the instability of fuel costs impacts the choices of putting in the 
new producing limit. The instabilities required in fuel value forms (normally joined by an upward 
pattern) may prompt the conclusion that renewable, “zero-fuel-value” advancements may likewise 
outflank the ordinary force plants on these grounds, notwithstanding their favorable position of 
radiating zero CO2. This would infer that the outside issues connected to the era of outflows by fossil 
fuel plants would vanish at the same time as a move to renewable vitality would occur with 
continuous specialized change and instability about rising fuel costs. 
   We have chosen to investigate the impact of the aforementioned instabilities on interest in a real 
options system, as this permits us to consider that the capital put into a particular force plant is sunk 
and the speculation choice irreversible. Besides, real options demonstration considers the adaptability 
of the financial specialist to contribute prior or acquire data by putting off the venture. The real 
options writing of essential enthusiasm for this study manages instability about innovative change and 
info expense or income vulnerability. Table 1 abridges this strand of writing with a specific spotlight 
on the discoveries as for the relationship amongst vulnerability and speculation. 
 

Table 1. Real Options Literature on Technological and Input Cost Uncertainty 
 

Author(s) Model Investment Response 

Balcer and Lippman (1984) 
 

Specialized change displayed as cost 
diminishment. Benefits straight in 
innovation level. Advancement 
potential develops as per discrete-time 
semi-Markov process. 

More uncertainty leads to 
postponement of investment. 

Pindyck (1993) 

Stochastic (fixed) input costs. 
Innovative change diminishes cost. The 
task can be deserted amid development 
stage. Information cost, instability 
discourages venture fundamentally. 

Technological uncertainty leads to 
slightly earlier investment. 
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Table 1. Continued 
 

Author(s) Model Investment Response 

Grenadier and Weiss (1997) 

The condition of innovative 
advancement is an irregular variable 
after a geometric Brownian movement. 
When it surpasses a predetermined 
limit, a development arrives. 
Successive speculations conceivable. 
Learning as in financial specialists turn 
out to be better at profiting from 
developments. Distinctive 
advancement reception methodologies. 

Larger volatility leads to postponement 
of investment. 

Farzin et al.(1998) 
 

Specialized change enhances 
generation proficiency and is displayed 
as a hop procedure, where there can be 
instability about the pace of specialized 
change, additionally about the size of 
the change. Different exchanging 
conceivable. 

Bigger levels of vulnerability prompt 
delays in innovation selection. This 
impact reduces if the specialized 
change is moderate/the upgrades are 
little in light of the fact that the 
advantages of sitting tight for the 
following landing will be smaller. 

Murto (2007) 
 

Income stream takes after geometric 
Brownian movement. Specialized 
change takes over Poisson process and 
abatements speculation costs. 

An innovative vulnerability has just an 
impact within the sight of income 
uncertainty: speculation is put off. 

Bas van Ruijven et al.(2010) 

An automated model adjustment 
system to break down alignment 
vulnerabilities of private segment 
vitality use demonstrating in the 
TIMER 2.0 worldwide vitality model. 
This model reproduces vitality use on 
the premise of changes in helpful 
vitality, force, innovation, 
advancement (AEEI) and value 
reactions (PIEEI) 
 

This model simulates energy use on the 
premise of changes in helpful vitality, 
force, innovation, advancement (AEEI) 
and value reactions (PIEEI). Diverse 
executions of these components yield 
behavioral model results. Model 
adjustment vulnerability is recognized 
as a persuasive hotspot for variety in 
future projections: producing 30% to 
100% around the best gauge.  

Jean-François Mercure (2012) 

This work presents a model of Future 
Technology Transformations for the 
force segment (FTT: Power), a 
representation of worldwide force 
frameworks in light of business sector 
rivalry, induced technological change 
(ITC) and common asset use and 
consumption. 

The model is investigated for a solitary 
worldwide locale utilizing two 
straightforward situations, a standard 
and a relief situation where the cost of 
carbon is continuously expanded. 
While a consistent cost of carbon 
prompts a stagnant framework, 
moderation produces progressive 
innovation moves driving towards the 
slow decarbonisation of the worldwide 
force division. 

Yasunori Kikuchi et al. (2014) 

We report a vitality stream model 
produced for examining situations of 
future Japanese vitality frameworks 
executing an assortment of double 
innovation choices. The model was 
modularized and spoke to as functional 
of fitting innovation alternatives, which 
empowers the conglomeration and 
disaggregation of vitality frameworks 
by characterizing functional for single 
advances, bundles incorporating multi-
advances, and little frameworks, for 
example, locales executing mechanical 
beneficial interaction. 

Utilizing the created model, three 
contextual investigations were 
performed. Required information was 
gathered through workshops including 
scientists and specialists in the vitality 
innovation field in Japan. The 
functional of advances were 
characterized on the premise of the 
accessibility of information and 
comprehension of the present and 
future vitality frameworks. Through 
contextual investigations, it was shown 
that the capability of vitality advances 
can be broken down by the created 
model considering the common 
connections of advances.  
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Table 1. Continued 
 

Author(s) Model Investment Response 

Peter D. Lund et al. (2015) 

The paper audits distinctive 
methodologies, advances, and 
techniques to oversee extensive scale 
plans of variable renewable power, for 
example, sun oriented and wind power. 
We consider both free market activity 
side measures 

The adaptability measures accessible 
extent from conventional ones, for 
example, framework augmentation or 
pumped hydro capacity to more 
propelled methodologies, for example, 
request side administration and interest 
side connected methodologies, e.g. the 
utilization of electric vehicles for 
putting away overabundance power, 
additionally giving network bolster 
administrations. Propelled batteries 
may offer new arrangements, later on, 
however, the high expenses connected 
with batteries may confine their 
utilization to smaller scale applications.  

Hooman Farzaneh et al. (2016) 

This examination expects to build up a 
base up to coordinate supply-request 
model to survey the ideal execution of 
urban vitality frameworks. 

An enhancement model established on 
the standards of microeconomics was 
created and sent utilizing numerical 
programming. In this model, the urban 
vitality framework is dealt with as a 
financial performing artist in the 
business sector looking to set up a 
successful vitality framework to 
enhance its general asset proficiency 
with theleast aggregate expense of the 
framework.  

Hach and Spinler (2016) 

This research considers the impact of 
limit installments on interests in gaslet 
go power plants within the sight of 
various degrees of renewable vitality 
innovation (RET) entrance. Low 
variable expense 
renewableprogressively makes interests 
in gas-terminated era unfruitful 

Our model joins numerous 
vulnerabilities and surveys the impact 
of limit installments under various 
degrees of RET entrance. In a 
numerical study, actualize stochastic 
procedures at top burden power costs 
and characteristic gas costs. 

 
 

   Murto (2007) models specialized change with a Poisson procedure, in which we tail him intently, 
yet he makes a few suppositions that we don’t respect fitting for the power area. For instance, he 
expects that upon a venture, the maker will get an interminable income stream (which is 
commonsense when searching for an investigative arrangement) while on account of force plants, the 
surge of benefits resulting speculation is apparently restricted by the lifetime of the plant. 
   To condense, despite the significance of the outline of allow exchanging plans, charges or the 
planning of arrangement measures, the concentration furthermore the principle curiosity of our work 
is to add new bits of knowledge to the distinctive sorts of CO2 value instability and to infer critical 
ramifications for the conduct of both financial specialists in the power part and strategy creators, who 
take a stab at a move towards earth all the more cordial era advancements. We find that the 
speculation reaction to market vulnerability, in fact, varies significantly from that to strategy 
instability. All the more decisively, market vulnerability prompts prior speculation into lower 
discharge innovation, while approach instability builds the choice esteem radically and along these 
lines drives the financial specialist to put off venture until the new arrangement position is 
acknowledged, regardless of the possibility that the speculator is causing misfortunes meanwhile. 
The IEA/OECD information we utilize in fact propose that an ordinary coal-let go power plant might 
be scrapped for a wind homestead when an extra speculation motivation (here CO2 costs) is presented 
by strategy producers. With expanding fuel costs and positive rates of innovative change for the wind 
innovation, a consistent CO2 cost of 70€/ton will trigger speculation into a wind ranch in the second 
50% of the arranging time frame. At current CO2 license costs of around 23€/EUA at EEX, this infers 
today's CO2 costs would need to triple to accomplish a move to renewable inside the following 35 
years. It is thusly up to the potential mediators of post-2012 carbon consent to remember that the 
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business sector itself won’t give adequate motivations to private financial specialists to make a 
movement towards renewable vitality without innovative leaps forward. 
Whatever is left of the paper is composed of three segments: the first layouts the model and depicts 
the strategies that we use to comprehend it. A short time later, we give a diagram of the information 
utilized and an examination of the outcomes got. At last, we reach inferences, give conceivable 
strategy suggestions and point out zones for future examination. 
 
3-1- A real options framework for the electricity sector 
Overall traditional planning for electricity includes: 

1. Demand growth forecast 
2. Develop a program for available resources and what time they need. 
3. Check the cost of production for grading production alternatives in terms of cost 
4. Calculation of incomes and rates 

   In coordinated energy planning process, creation options are utilized as takes after. Sometimes, 
energy services use aggregate cost as their base. This aggregate cost incorporates generation cost, 
transmission and conveyance of electrical energy, the cost of ecological contaminations and other 
social expenses. The instabilities that emerge with regards to the power generator's venture issue are 
two-overlay. From one perspective, there is vulnerability regarding power costs. Then again, the 
creation cost is affected by changes in the cost of CO2 discharges. On top of this, two sorts of 
instability are investigated, as said some time recently. 
   The first is a market vulnerability, which is spoken to by the risks required in the unpredictability of 
a value way, while the second sort is approaching instability, which concerns not the variances, but 
rather the course of a value way relying upon the activities of the administration. Likewise, there are 
distinctive sorts of the cost that impact the ideal venture arrange for, which are not regarded as 
uncertain. The cost of capital is taken to be consistent and deterministic, which overlooks the 
likelihood of specialized changes. However, we exclude this intentionally with a specific end goal to 
get as clear a photo as would be prudent of the impact of uncertain strategy and costs - i.e. free of 
collaboration impacts. While considering the effect of market uncertainty, the assumption is that 
power costs take after a mean-returning procedure, which has by and large been observed to be a 
decent estimate. 
 

( ln )e e e e e e e
t t t t tdC v m C C dt C dWσ= − +  

(1) 

 

So, the price of electricity Ce will return to its long-term level 
e

eµ at a speed of v. e
tdW  is the 

augmentation of a standard Wiener process and σ
e is the relating unpredictability parameter. At CO2 

costs, a geometric Brownian motion has been picked, despite the fact that it is hard to foresee future 
CO2 value conduct, which is the very theme of this paper. 
 

c c c c c c
t t t tdC m C dt C dWσ= +  (2) 

 

Where mcis the drift parameter, σc is the instability parameter and c
tdW  is the augmentation of a 

Wiener procedure once more. Besides, the additions of the two Wiener procedures are associated, 
where the connection parameter is meant by ρ. 
   Market uncertainty can be examined by changing the qualities for σe in equation (1) and σc in the 
second equation. Arrangement instability, then again, concerns the type of equation (2). The 
speculator in this way confronts a streamlining issue of timing his/her choice to put into the CCS 
module so that the total of reduced expected future benefits is expanded. The yearly benefit β
comprises of pay from electricity generation and heat less the cost of fuel and the installments for CO2 
outflows, operational expenses and expenses connected with the activity, c(at). The production 
function is of the Leontief sort, which implies that coefficients are settled. Since we can accept that all 
electricity (and heat), which is created can be sold to the lattice in elastically, the introduced plant will 
be run constantly in this way delivering a settled measure of yield for an altered measure of sources of 
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info every year (Hull ,2006). Thusly, as amounts are not impacted, any deviations in speculation 
conduct must be because of value vulnerability. So the yearly benefits of the power plant can be 
computed as 
 

( , , , ) ( ( ) ( ) ( ) ( )) ( ) ( )e c c c f f e e h h
t t t t t t t t t t t ts a C C C p OC c a C Cβ κ γ κ γ γ κ γ κ γ= − + + + + +  (3) 

 
where Cf is the cost of coal, Ch is the cost of heat, OC is the operational cost every year, the κ refer to 
yearly amounts of electricity, heat, carbon dioxide and fuel separately, and means the sort of force 
plant that is operational at time t controlled by state and activity, (st, at). In the event that tγ =1, the 

coal-fired power plant without CCS is active. For tγ =2, the CCS module is exchanged on also. In 

addition, as depicted by Equations (1) and (2), the speculator accept that costs for power and CO2 both 
take after stochastic procedures with known beginning qualities. The investor has to solve the problem 

 

( )

1

max { . [ ( , , , )]}

. .

( ln )

( , )

t t t

rt c
t t t t

a A s

e e e e e e e
t t t t t

c c c c c c
t t t t

t t t

e E s a C C

s t

dC C dW v m C C dt

dC C dW m C dt

s F s a

β

σ
σ

−

∈

+

= + −

= +
=

∑

 (4) 

 
   Where At(st) is the arrangement of feasible actions for a given state st. r is the discount rate and 
along these lines is the markdown calculate, i.e. the component by which future benefits to be gotten 
at time t must be increased keeping in mind the end goal to get the present esteem. The activities can 
be summarized as takes after the investor needs to introduce a power plant in the primary time frame 
by imperative. This could be the coal-let go sort without CCS or quickly the one with CCS. In the 
main case, the CCS module can be included later. Regardless, the module can be turned off at any 
resulting point in time. Obviously, doing nothing is a choice too. 
   The model that we create here focuses on two force plants: a coal-fired power plant (illustrative of 
the fossil fuel advancements) and an offshore wind farm (illustrative of renewable vitality 
innovations). According to vulnerability concept, the coal-terminated force plants experiences 
changes in the cost of coal. In the meantime, it is a generally developing innovation as we don’t 
expect further reductions in expense. The wind ranch, then again, has promising expected rates of 
specialized change and is clearly not subject to fuel value instability. In any case, despite the fact that 
the extension for specialized change may be high, the acknowledgment of such advance is 
indeterminate. 
   We display specialized change as a diminishment in the venture expense of a wind homestead that 
could give the same measure of power as the coallet go power plant. There are two approaches to take 
a gander at this. To start with, with the landing of a development, speculation expenses are diminished 
by a predefined rate. The instability here concerns the landing rate: the higher the entry rate, the more 
certain speculators can be that advancement will touch base inside a moderately brief timeframe. Then 
again, with a specific landing rate, the size of the change is a wellspring of vulnerability. 
 
3-2- Framework 
   Any combination of production will be evaluated with the same criteria of energy integrated 
planning, i.e. provides the same energy services so that consumer welfare and reliability in the 
production side. The aim of integrated energy planning could be formulated as an optimization 
problem and this problem could be solved with usual optimization methods. The following equations 
summarize the optimization process of the energy integrated planning: 
 
min s sE E D′+ =  (5) 
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: ( , ) ( ) ( , , )s s s sTC C E R C E C E E R′ ′+ +  

 
Where 
Es: electrical energy sold to customers 

sE ′ : electrical energy savings by consumption management 

R: reducing environmental pollutions 
( , )sC E R : is production cost of electrical energy (includes investment cost, operation, and 

maintenance and is a function of electric energy sold (Es)). Also, includes the cost of pollution control 
equipment to meet environmental standards and thus is a function of R. 

( )sC E ′ :the cost of applied management program 

( , , )s sC E E R′ : the cost of pollution emissions, the cost of environmental damage which imposed to 

the society for electrical energy production.  
D: the level of energy demand needed for customers. 
The constraint on the cost minimization problem simply states that the final amount of energy that 
must be estimated is equal to the electrical energy production and saving by implementing demand 
side management. The next step is the cost of different options of production. 
 
Introduction of model indices 
i: different types of energy that have a role in electrical energy production 
j: different types of electrical energy production options  
S: the final consumer section 
p: atmospheric pollutants resulting from energy consumption 
n: years of study 

kθ : k-th period of the year n; k= 1,2,…,8 (each period is equal to 8760/8=1095 h) 

Introduction of parameters 
Parameters are values that give one or more constants during the study. The parameters in this model 
are: 

nλ : load coefficient of the year n 

g: yearly reserve margin  
RR: rate of return 
I: interest rate of investment 
α : inflation rate 

jβ : capacity factor of power plant j 

Lj: life span of power plant j 
ej: efficiency of power plant j 
I j,n: investment cost of power plant j in year n 
IOMj,n: the cost of operation and maintenance unit of power plant j in year n 
ICMn: reduction of cost per MW as a result of consumption management in year n 

iπ : the cost of energy carriers i 

Ci,j: the share of fuel i in the fuel mix of electrical energy power plant  
PFj,n: price of fuel type j facility in year n 

,i rε : pollutant emission for consumption one unit of fuel i 

ECi,n: External costs caused by fuel i in year n 
Explanatory variables 
In the formulation of “energy planning model” before definition of the objective function and 
constraints to be applied, the need to define variables that are explained below: 
Ci,n, ci,n: upper and lower limits  
EPj,n: energy potential for production with renewable resources in year n 
MEMn: The maximum potential application of Demand Side Management in year n 
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,j nβ  : the total capacity of electrical energy production that in operation at the beginning of available 

plan and in year n 
DPn,p: electrical power demand at period p of year n 
DFi,c,n: demand for fuel i for final customer c at year n that not including the optimization process 
EPr,n: constraint of pollutant r in year n 
 
Output (target) variables 

,j nκ : Capacity of new electrical energy equipment from type j that is ready for operation in year n 

Pj,n,t: output power of powerplant type j in the period t of the year n 
DMn,t: The imposition of the Demand Side Management at the period t of the year n 
As has as of now been said above, fuel value uncertainty will be inspected by giving the fuel a chance 
to cost (here the cost of coal) take after a GBM. Condition (2) speaks to the adjustment in the fuel 

cost, fc , where ε is the float parameter, fσ  is the volatility parameter and dξ is the addition of a 
standard Wiener process 
 

f f f f
t t tdc c dt c dε σ ξ= +  

 

(6) 

Specialized change in the option innovation, wind, is happening in light of the landing of 
advancements. This entry takes after a Poisson procedure in the way that likewise Murtomodels 
it[38]. Give us a chance to mean the speculation cost by tµ developing as indicated by: 

 

0
tW

tµ µ ζ=  

 
(7) 

In equation (3), Wt  is a Poisson random variable, with a normal landing rate (of advancements) of λ. 
0 1ζ≤ ≤ decides the extent of the progression. Prompt benefits are made out of the incomes from 
offering power, pe · qe, and the incomes from giving warmth, ph ·qh, both of which are steady over the 
arranging time frame. Besides, we need to subtract the expenses for the measure of fuel utilized as a 

part of the era procedure on account of coal, .f fp q . Different expenses include the costs of 
operations and support, M, which are settled for the measure of power that is produced every year, 
and the CO2 charges and/or costs for the buyer of discharges licenses. At long last, the expenses of the 
move made by the financial specialist at time it should be considered too: these are zero in the event 
that no venture is made and equivalent to the expense of putting in the new limit if the choice is taken 
to contribute. Equation (4) condenses this as the quick benefit. 
 

( , , , ) ( ) ( ) ( )

( ) ( ) ( , , )

f e e h h c c
t t t t t t t t

f f
t t t t t

P s a p q s p q s p q s p

q s p M s a

µµ
µµ λ ξ

= + −

− − −
 

 

(8) 

   Where st is the state the speculator is at present in. the financial specialist’s issue can be detailed as 
an ideal control issue and restated in a recursive utilitarian structure, with the goal that we can utilize 
dynamic programming to decide the ideal activity for the above model. Scientifically, we figure a 
worth capacity in Equation (4.5), which must be amplified by deciding the ideal speculation system 

1{ } T
t ta = , where T is the arranging skyline. 

 

( )
( , ) max { ( , , , ) ( ( , , ) | , , )}

t t

f f t f f
t t t t t t t t t t t t t

a A s
V c s a c e V t t c c sγµµ π µµ µµ µµ− ∆

+∆ +∆∈
= + Ε + ∆  

 

(9) 

   Where γ is the markdown rate and ( )t ta A s∈  is an activity in the arrangement of plausible 

activities. 
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Target function definition 
   The target function includes the cost of primary energy transformation to electrical energy during 
the study period. 
 
max( ) minOV TC

TC IC FC VC EC DMC

=
= + + + +  

 

(10) 

That 
OV: Option value 
TC: Total cost 
IC: investment cost of new power plants installed 
FC: fixed cost of existing and new power plants 
VC: Variable of existing and new power plants 
EC: Additional costs arising from the performance and operation of power plants 
DMC: Costs arising from the application of consumption management plans 
RR: Rate of Return of investment 
Each of the above costs is calculated as follows: 
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(11) 

Constraints 
Constraints for the minimization problem have been defined as follows 

• Making time constraint: It states the constraint that a new facility for production of electrical 
energy until the operation and start of production. This delay depends on the type of power 
plant. This constraint states that ,j nκ is equal to zero inevitably  

 

, 0
jj leadtimeκ =  

 

(12) 

• Satisfy peak demand: Revealing the annual peak load, the ultimate capacity of power 
generation should be determined in such a way that an appropriate safety margin cover 
domestic demand. 

 

, , ,1 ,1
1 1

[ ] (1 )
studyperiodk

j n j n n n
j n

DM g DPβ κ
= =

+ + ≥ +∑ ∑  

 

(13) 

 
Satisfy the demand for each period 

 

, , ,
1

k

j n t n t
j

P DP
=

=∑  (14) 
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• The constraint of power plant: net power output of each alternative of electrical energy 

production cannot exceed the installed capacity. 
 

, , , ,j n t j n j nP β κ≤ +∑  

 
(15) 

• Constraint of each type of electrical energy of power plant at the year 
By notice to the destruction and maintenance periods, the annual energy production of each power 
plant couldn’t exceed from the multiplication of capacity and the capacity factor. 
 

, , , ,
1

. [ ]
k

j n t k j j n j n
t n

P FCθ β κ
=

≤ +∑ ∑  

 

(16) 

• Constraint of the potential of renewable energy sources 
 

, , ,j n t j nP EP≤  

 
(17) 

• Constraints of the potential for Demand Side Management plans: 
 

,n t nDM MEM≤  

 
(18) 

• Constraint of the consumption of energy carrier 
 

, , , , , , ,
1 1

.
k k

i n i j j n t k i c n i n
j p c

c c P DF Cθ
= =

≤ + ≤∑ ∑ ∑  

 

(19) 

• Environmental constraints: the emission value of each pollutant that calculates with emission 
factor 

, , , , , , ,
1 1 1

[ . ]
k k k

i r i j j n t k i c n r n
i j p s

c P DF EPε θ
= = =

+ ≤∑ ∑ ∑ ∑  

 

(20) 

In this model, for solving the linear programming minimization problem, use the simplex method. 
 
3-3- Coal and Wind Plant Data 
   The principal innovation chose for our study as a delegate of the fossil-fuel-based plants are a cool-
let go plant with a coordinated module catching and putting away a segment of its CO2 outflows 
(consequently the capital costs seem, by all accounts, to be higher than for a standard coal-let go 
power plant). 
   All the more particularly, the information is for an Integrated Gasification Combined Cycle (IGCC) 
plant, which is ordinarily more costly to assemble, however, have exceptionally attractive 
productivity. We are utilizing information from the International Energy Agency/OECD. Another 
innovation is a seaward wind plant (a Danish brand). It is significantly more costly than coal as far as 
capital and O&M costs, furthermore its ability element is not exceptionally alluring (see Table 4.3). 
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Table 2. Power Plant Data for Coal and Wind 
Parameters IGCC coal Offshore wind 

Electricity output [TWh/yr] 
CO2 emissions [kt CO2/yr] 
Fuel consumption [TJ/yr] 
Fuel cost [€/TJ] 
O&M fixed cost [1000€/yr] 
Effective installed capacity [MW] 
Capacity factor [%] 
Heat efficiency [%] 
Heat price [€/TJ] 
Investment cost [1000€] 
Lifetime [yrs] 

4928 
3233 
34782 
2955 
60375 
750 
113 
51 

17021 
1029750 

60 

4928 
0 
0 
0 

74088 
1250.33 

68 
0 
- 

1574037 
38 

Source: “Projected Costs of Generating Electricity 2015 Update”, IEA/OECD, 2015 
 

4-The Results 
   The examination of venture affectability to vulnerability about fuel costs and mechanical upgrades 
is partitioned in two investigations. To start with, we need to concentrate solely on innovative 
vulnerability. The trial that we have intended for this reason subsequently exhibits one and only 
ventures choice, in particular, to put into the wind ranch. We first begin by researching the impacts of 
various rates of innovative advancement on the planning of speculation. Fluctuating the level of 
instability by modifying λ and ξ correspondingly, we can then likewise dissect how the speculator 
responds to these progressions. 
   The setting of the second investigation is such that we consider a built-up coal plant, which has no 
prospect of cost decreases because of innovative changes. Besides, the cost of coal is stochastic and 
(marginally) rising. The investigation will then decide how the ideal date to supplant existing limit 
with the wind ranch reacts to changes in fuel cost and mechanical vulnerability. 
 
4-1- Technological change and uncertainty 
   Give us initial a chance to dissect the effect of various rates of specialized change on the planning of 
speculation and decipher it regarding plant and alternative worth. In figure 2 the plant and speculation 
alternative qualities for an unobtrusive rate of specialized change (λ(1−ξ)=0.2%) and for a moderately 
higher rate (λ(1−ξ)=0.5%) are plotted. The vulnerability is kept low by setting λ=1 to keep away from 
cross-impacts. 
 

 
 

In the low-progress scenario, investment occurs around year 11. In the high-progress scenario, the investment option is exercised much later. 
Figure 2. Option values and plant values for low rate of technical change and high rate of technical change in 
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   This is very coherent from an instinctive perspective. On the off chance that the normal lessening in 
expenses over a particular time skyline is very considerable, however, the speculator can’t make sure 
how late it will be acknowledged, it will pay off to sit tight for that change to appear in light of the 
fact that the benefits that collect from there on are higher and more than adjusting for the expenses of 
holding up. Then again, if the speculator realizes that a considerable measure of advancements will 
touch base amid the arranging skyline, he can make sure that in any event some of them will land in 
the start of the arranging time frame and that he doesn’t renounce much by contributing generally 
early. 
   Another intriguing finding is that a considerably higher entry rate drives the rate of expansion in the 
choice worth to lessen, see figure 3. This shows pleasantly how the system functions: for an unaltered 
rate of specialized change, the estimation of the plant is unaltered too. 

 

 
 

With very high uncertainty (λ =0.01) the option value increases at a diminishing rate. 
 

Figure 3. Option Value (circles) and Plant Value (triangles) for Very High Uncertainty in (€) 
 

   Along these lines, a bigger choice quality instigated by higher instability before in the arranging 
time frame should be repaid by a decreasing rate of expansion later on. The presence of mechanical 
advancement, when it happens at a generally certain rate, along these lines prompts a deferment of 
speculation. This is an epitome impact on the grounds that the advantages of innovative advancement 
must be harvested once – in particular when the wind homestead is introduced. Vulnerability, 
displayed through a decrease of the entry rate and an expansion in the measure of the cost drops, 
further defers reception on the grounds that the alternative worth ascents, i.e. it is more significant to 
sit tight for specialized enhancements to emerge. 
 
4-2- Technological change & fuel price uncertainty 
   In this segment, the trial setting is such that we consider a built-up coal-fired power plant with 
continuous O&M and fuel costs, which should be supplanted. The conceivable substitution applicants 
are either another coal-let go power plant or a seaward twist homestead of the same limit. What real 
options models ordinarily find for info cost vulnerability is that higher instability (generally displayed 
by expanding the unpredictability parameter) prompts a delay of the venture on the grounds that 
higher unpredictability prompts a higher choice benefit of holding up. 
   To represent this, we have left the fuel costs at a steady level in the principal test. In figure 4 the 
alternative worth is along these lines plainly upward-inclining, subsequent to the main motivation 
behind why there really is a choice quality (given that fuel costs are steady) is that there is continuous 
specialized change profiting the wind ranch. Furthermore, since the advantages of specialized change 
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are encapsulated in the most recent variant of the plant just, the addition from holding up is sure and 
expanding. 
   The following stride in our examination is to include rising fuel costs, which rise deterministically 
in the following test. Figure 5 shows what has been said before: the choice quality is affected by two 
strengths – the rising fuel cost, which diminishes the alternative benefit of keeping the coallet go plant 
operational and conveys the choice esteem nearer to the wind homestead's plant esteem, and the 
choice benefit of sitting tight for more innovative change to emerge, so that less must be spent to set 
the wind ranch up. 
 

 
 

With low CO2 prices, investment occurs at the end of the planning period. With lower CO2prices, the investment threshold can be moved 
forward significantly. 

 
Figure 4. Plant Value (circles) and Option Values (lines) for Low (dashed line) and High (solid line) CO2 Prices 

in (€) 
 

 
 

With slowly rising coal prices, investment occurs around year 32. With coal prices rising at twice their forecast rate, the moment at which 
the investment threshold is surpassed is moved forward to approximately year 19. The CO2 price is fixed at 70e /ton of CO2. 

 
Figure 5. Plant Value (circles) and Option Values (lines) for Slowly (dashed line) and Rapidly (solid line) 

Rising Fuel Prices in (€) 
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At long last, we need to analyze the distinction that mechanical instability concerning the venture 
expense of the wind ranch makes in the full setting. Figure 6 underneath demonstrates the plant 
qualities and alternative qualities for a λ of 0.1 and 0.8 individually. 
 

 
 

More technological uncertainty leads to a postponement of investment. 
 

Figure 6. Technological Uncertainty: Plant Values with Less Uncertainty (filled circles) and Higher Uncertainty 
(transparent circles) and Option Values (lines) for Lower (solid line) and Higher (dashed line) Uncertainty in (€) 

 
   To abridge the aftereffects of the tests directed in this area, we find that the choice quality is 
presently made out of (a) the benefit of keeping the coal-terminated force plant even with expanding 
(and possibly unstable) coal costs and (b) the benefit of sitting tight for innovative advancement to 
build the plant estimation of the wind ranch by diminishing the expense of speculation. To start with, 
the principal impact commands the last mentioned and the choice quality chart in this way slants 
downwards. Later on, this relationship is turned around and the alternative quality inclines upwards. 
 
5- Conclusion 
   This paper has displayed a real options model with stochastic fuel costs and stochastic specialized 
change in the power part to investigate the impacts of instability on the conduct of speculators. As 
some creators have said (Awerbuch, 2006) unstable fuel costs may cost economies more than for the 
most part anticipated. It gives the idea that renewable vitality bearer, which come at a zero “fuel” cost, 
for example, wind in this section, and has a substantial point of interest over fossil fuel advances in 
this admiration. 
   Besides, despite the fact that they may even now costly as far as their capital and O&M costs, 
renewable have brilliant prospects as far as their innovative change throughout the following decades. 
Be that as it may, it stands to address whether the blend of rising, questionable fuel costs and 
mechanical development in the range of renewable will truly give adequate motivators to financial 
specialists to change from a setup fossil fuel plant (here coal) to a renewable innovation (here wind). 
The utilization of our model to late information from the IEA (2005) proposes this may not be the 
situation. 
   Besides, the examination of the impact that instability has on the speculation design proposes that 
vulnerability about fuel costs does not have a huge impact on the planning of renewable vitality stage 
in. Counting mechanical instability convolutes matters further: in the event that we digest from the 
impact that rising (and perhaps stochastic) fuel costs have on the alternative benefit of holding up to 
introduce the wind ranch, bigger vulnerability will raise the choice benefit of holding up. In the event 
that we would exclude the benefit of sitting tight for more mechanical advancement to enhance the 
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expenses of the wind cultivate the alternative quality line in Figures 5 and 6 would cross the plant 
esteem line much prior and trigger speculation as of now in year 7. This suggests – as opposed to the 
expectations that arrangement creators may have for the part of specialized change – the simple 
presence of combined, exemplified innovative advancement prompts a later move to renewable 
vitality. 
   Concerning innovative instability within the sight of coallet go limit, which loses allure as fuel costs 
rise, we additionally locate an “ordinary” real options result. Specifically, we locate a negative 
vulnerability speculation relationship once more: when the financial specialist can make certain that 
developments will touch base inside the following couple of years to lessen the venture cost, the 
speculation alternative is practiced sooner than if there is instability, which builds the choice benefit 
of holding up. This outcome pivots essentially in transit how specialized change is demonstrated; 
following a diminishment in venture expense must be picked up once, in particular at the time the 
speculation is made. 
To condense, innovative instability prompts the deferment of speculation into the wind plant within 
the sight of coallet go limit that is affected by (stochastic) fuel value development. Moreover, sensible 
rates of innovative change alone are not fit for making the wind ranch aggressive versus the built-up 
coal-let go power plant. The message for strategy producers is that an extra trigger as CO2 duties or 
grant exchanging must be kept up keeping in mind the end goal to impel a prior move to renewable 
vitality. 
   At long last, a couple words should be said in regards to the furthest reaches of the investigation 
introduced: the homogeneity of specialized change is an improvement; obviously, in light of the fact 
that advances are endogenous insofar that the R&D expected to drive the advancement must be 
financed too. Truth be told, Davis and Owens utilize genuine choice evaluating strategies to gauge the 
present estimation of expected future supply from renewable electric advances, net of government 
R&D uses when fossil fuel costs are indeterminate (Davis and Owens, 2003). They locate a vast 
positive estimation of $30.6 billion, of which a huge part is credited to past government R&D 
endeavors, and proceeded with elected R&D subsidizing is expected. 
   In the perfect system, in any case, the private financial specialist would esteem an R&D choice to 
create youthful advances within the sight of the choice to make a move to that same innovation – 
hence considering that likewise specialized change should be paid for. Be that as it may, the 
endogeneity of specialized change is past the extent of this section, where we the emphasis is on the 
impacts of innovative vulnerability all things considered within the sight of instability about fossil 
fuel costs. In this manner, we have expected that the individual financial specialist does not do the 
R&D essential for advancement, despite the fact that indigenizing specialized change in real options 
models is certainly a fascinating and vital theme for further research. One fascinating inquiry to be 
tended to, for instance, concerns how instability in the profitability of the R&D procedure will 
influence both the rate of specialized change and the vulnerability encompassing it, hence making an 
endogenous specialized change, as well as endogenous danger. 
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Appendix: Analytical Approach to Option Valuation Under Fuel Price Uncertainty  
The fuel cost Cf takes after a geometric Brownian movement with float parameter α: 
 

f f f
t t tdC vC dt C dzσ= +  (1-A) 

 
σ is the unpredictability parameter and dz is the addition of a standard Wiener process. Abstracting 
from heat benefits and CO2 penalties, we concentrate only on the cost of electricity and fuel. The 
estimation of the plant can then be figured as 
 

( ) ( )
T r e f v

t
V C e C C e dτ τ τ−= −∫  

(2-A) 

 
where Ceis the power value, t is the establishment date, T is the lifetime of the plant and Cf is 
standardized to such an extent that it quantifies the fuel cost of creating one unit of electricity. 
Utilizing the strategy of duplicating a portfolio (Dixit and Pindyck, 1994), we can set up a differential 
condition of the accompanying structure 
 

2( ) ( ) 0f fC F mC F sFκ′′ ′+ + + =  (3-A) 

 
where F is the option value of the venture and m=s and q are constants, made out of the 
unpredictability parameter σ, the profit parameter, the financing cost r and Ce. All the more 

particularly, m=s=2·r/σ2 and 22 ( ) /eC rκ δ σ= − . This differential equation must be changed 
keeping in mind the end goal to discover an answer. Subsequently, we set Cf =z−1 and F=zk·ez·w, 

where k is the applicable foundation of k2+(1− γ )·k+κ =0, i.e. 
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prompts to another differential condition: 
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The general answer for such a differential condition is ( )gze x yω = , where 
z

y
µ

λ
−= . The type of 

the capacity x(y) must be resolved utilizing the answer for the degenerate hypergeometric condition, 
of which the Kummer capacity is a specific arrangement. Polyanin and Zaitsev (2003), for instance, 
give a point by point review of correct answers for normal differential conditions (ODE). On the off 
chance that the ODE has the shape θv′′+(b−θ)v′−av = 0, then for b>a>0 the Kummer capacity can be 

composed as 
1 1 1

0

( )
( , , ) (1 )

( ) ( )
t a b ab

a b e t t dt
a b a

θφ θ − − −Γ= −
Γ Γ − ∫ , where 1

0
( ) t xx e t dt

∞ − −Γ = ∫  . If b is 

not an integer, the arrangement can be figured as v = C1 ·φ(a, b, θ)+C2 ·x
1−b ·φ(a−b+1, 2−b, θ). This 

is the thing that we use in this appendix to discover an answer. For our situation
2 2 2 4
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Substituting back forω  and z, we can determine all constants by utilizing the smooth sticking and 
esteem coordinating conditions and F(Cf → ∞)=0, yet it is scientifically unrealistic to explain for the 
ideal Cf. 
 


