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Abstract:
Aim: All mobile phones will eventually become obsolete and should be collected and recycled in order
to recover their high content of both dangerous and valuable materials. End-consumers play a key role
in these processes as the collection and recycle systems cannot work properly without their
contribution. Therefore, this exploratory study investigates how Dutch end-consumers can be
stimulated to return their used mobile phones.
Design / Research methods: the factors influencing consumers’ propensity to return and recycle
obsolete mobile phones are examined. The results are based on a survey conducted among endconsumers of mobile phones in the Netherlands.
Conclusions / findings: There is significant recycling potential as the majority of used mobile phones
are simply kept at home. Keeping a used phone as a spare phone and being afraid of privacy
disclosures are indicated as main reasons for not taking used phones to a recycling point.
Originality / value of the article: The findings indicate that personal satisfaction from recycling and
knowledge or awareness of the potential dangers from not properly returning play a crucial role in
influencing the propensity.
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Odette PENNERS et al.
1. Introduction
Today’s production of waste from electrical and electronic equipment (WEEE)
or “e-waste” amounts to 20-50 million tons every year. With an annual growth rate
of 3-5%, it is the fastest growing waste stream in the world (Maragkos et al. 2013).
The cell phone industry is one of its major contributors, as cell phones are the most
often frequently sold appliances to households (Polák, Drápalová 2012). Worldwide
cell phone sales amounted to nearly 1.9 billion units in 2014. Smart phones make up
about two-thirds of these global sales (Gartner 2015).
The need for recycling “obsolete” mobile phones has greatly increased. Their
usage life cycles, with replacement rates of approximately 18-24 months, are shorter
than the designed service life and the highest rates so far in the history of consumer
electronic devices (Bask et al. 2013). The major reasons for replacing used mobile
phones are unfashionable features or damage to the phone (Yin et al. 2014; YläMella et al. 2015). According to Navazo, Méndez and Peiró (2014), several studies
show that 45-48 % of used phones are simply kept at home and 23-30 % are either
sold or traded in for a new phone. The number of old mobile phones ending up in
recycling facilities differs between studies, ranging from 2% to 16% (Navazo et al.
2014).
However, the potential energy and material savings from recycling a larger
percentage is substantial, due to the valuable materials (e.g. gold, palladium and
silver) present in the mobile phones. They also contain toxic metals such as lead and
cadmium, which may create a threat to human health if not properly disposed
(Maragkos et al. 2013; Navazo et al. 2014; Speake, Yangke 2015).
Therefore, it is important to know which factors influence consumers’
participation in mobile phone waste recycling programs (Baxter, Gram-Hanssen
2016; Borthakur, Govind 2017). According to Tanskanen (2013), a national e-waste
management policy requires robust collection and recycling models, as well as
awareness and changes in the behavior of the consumer. This paper investigates how
end-consumers can be stimulated to return their mobile phones.
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2. Literature review and hypotheses
This section provides a review of the literature and associated hypotheses,
covering the life cycle extension of mobile phones, and the factors influencing
consumer propensity to recycle.
2.1. Life cycle extension of mobile phones
Mobile phones can have many different users during their life span. In the
literature, the term life span is not consistent, likewise, the information about the
lifespan of mobile phones differs significantly, ranging from 1.5 to 7.0 years (Polák,
Drápalová 2012). Other studies mention a potential life span of a mobile phone of
about 10 years (Ongondo, Williams 2011a; Nnorom et al. 2009). According to Polák
and Drápalová (2012), the life span is the duration of the period in which the good
exists in the original form in our society, irrespective whether it still functions.
According to Ongondo and Williams (2011b), collected phones can be
processed according to one of the following options: re-use, resell or refurbish. In
the case of re-use, the phones are directly donated to other consumers. Reselling to
other customers occurs either directly or indirectly through third parties. In the case
of refurbishing, there are cleaning and reconditioning steps needed before they can
be donated for re-use, resold or exported (Ongondo, Williams 2011b). Nevertheless,
many phones never reach one of these options as 45-48 % of used phones are simply
kept at home (Navazo et al. 2014; Wilson et al. 2017).
When a mobile phone can no longer be (re)used for its original purpose and
becomes waste, it has reached the end of its life. Although legal requirements
enforce proper e-waste recycling, illegal export of e-waste to developing countries
often takes place and is then deposited in landfills or incinerated (Queiruga et al.
2012; Navazo et al. 2014).
Mobile phones are “up to date” products; they are often replaced before the end
of their functional life, due to the rapid introduction of advanced technologies and
fashionable features (Cox et al. 2013; Paiano et al. 2013). Frequently, the old phones
are stored at home while they may still function. However, after this storage period
they might be too old for re-use. Therefore, eliminating the storage period after a
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phone’s end-of-first-life can significantly increase the re-use potential (Babbitt et al.
2011).
Designing products that make use of easy-to-reuse models, recyclable materials
and renewable resources, or material identifications might be a solution (Babbitt et
al. 2011; Bask, Kuula 2011; Kissling et al. 2013). Phones consisting of
interchangeable modules provide the convenience of repairing, upgrading and
replacing defective parts. End-consumers must still return the replaced components
to prevent the same storage problem as with the existing phones.
Another possibility is improving the product service systems in which
manufacturers or retailers lease instead of sell mobile phones (Cox et al. 2013). The
end-of-first-life management shifts from the consumer to the manufacturer and the
phone is less likely to be stored at home. This facilitates the process of closing the
loop since the manufacturer owns the product during the entire life cycle and the
consumer only pays for the usage (Merkies 2012).
However, leasing does not ensure environmental benefits because the
replacement periods for most electronics are shorter than the functional life time
(Babbitt et al. 2011). In the case without lease, the consumer determines the moment
of acquiring a new phone which typically results in a longer usage period before
(NVMP 2016). One option might be the extension of the fixed lease periods which
would lower the demand for new phones. Returned phones are older after the
extended period, which reduces their resale potential.
Commonly used incentives to return obsolete phones are free envelopes, bags or
boxes (Ongondo, Williams 2011b). However, the risk of damage to or loss of the
phones sent by post is not guaranteed. Other incentives mentioned by Ongondo and
Williams (2011a; 2011b) are charity donations, courier collection, monetary
payments, discounts, prize draws, environmental incentives, free airtime/texts, or
vouchers. However, large scale surveys among students (Ongondo, Williams 2011a;
Li et al. 2012) showed that incentives with a monetary element such as cash
payments and vouchers have the greatest influence on the willingness to return
mobile phones.
Therefore, serious consideration should be given to deposit refund systems for
e-waste recycling as these systems are economically more profitable than other
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economic incentives such as recycling subsidies, waste disposal fees or taxes on
virgin materials (Sabbaghi et al. 2016; Saphores et al. 2012; Ylä-Mella et al. 2015).
These deposit refund systems, where consumers get a refund (on the deposit paid at
the time of purchase) when they return the product at the end of its useful life, has
already become an accepted practice for plastic bottles, glass or newspapers in many
countries. According to Tanskanen (2013), similar efficient collection and recycling
practices should be established for electronic waste.
However, NVMP (2016) argues that deposit refund systems are expensive and
inefficient in order to change consumer behavior. It neither contributes to the
responsible processing of e-waste nor to the environment. First, in contrast to for
example plastic bottles, electrical devices have a low turnover rate and they are not
automatically returned. In order to stimulate consumers financially, a substantial
amount of deposit is required. This can have a negative impact on the sales of
electronics because the amount is added to the selling price. Consequently, the risk
of cross-border shopping increases. Furthermore, manufacturers have to make their
products specifically identifiable for the Dutch market. This results in a loss in
economies of scale related to higher costs and creates a barrier to the European free
market (NVMP 2016). Moreover, practical evidence from Austria and South Korea,
which implemented deposit refund systems from 1995 to 2005 and 1992 to 2002
respectively, shows that deposit refund systems on electronics have no significant
effects on the return rates (Desmet, Hanquet 2013). Desmet and Hanquet (2013)
argue that the monetary amount of the deposit and the collection rate determine the
effectiveness of the system. The payment of deposits also requires careful
management and monitoring by all the stakeholders involved.
2.2. Factors influencing return and recycling
Among the most well-known models to explain human behavior is the theory of
planned behavior which is an extension of the theory of reasoned action (Fishbein,
Ajzen 1975; Ajzen 1991). The theories assume that human behavior is driven by an
individual’s motivation to behave in a certain way. According to Ajzen (1991), these
motivational factors are called intentions. These intentions are positively related to
behavior and formed by the attitude towards the behavior, subjective norms as well
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as (the extended variable) perceived behavioral control (Fishbein, Ajzen 1975;
Ajzen 1991). In the recycling literature, behavioral intentions, actual recycling
behavior and consumer attitudes towards recycling are also three dependent
variables widely used (Hornik et al. 1995). Due to the fact that the differences in
correlations of these three variables are not statistically significant, Hornik et al.
(1995) suggests to treat them as the one-dimensional construct propensity to recycle.
Hornik et al. (1995) identifies and classifies variables affecting consumers’
propensity to recycle in five categories: intrinsic incentives, extrinsic incentives,
internal facilitators, external facilitators and a separate group demographic variables.
Although there are multiple (as well as overlapping) variables relating to recycling
behavior, developing a model including all factors might neither be feasible nor
useful as it is too extensive and complex. For that reason, four empirically validated
variables that most strongly predict the propensity to recycle are used as a base for
this study and where necessary adapted to the situation of obsolete mobile phones
(Hornik et al. 1995). These include perceived social influence, personal satisfaction,
knowledge and frequency of collections. However, the collection frequency
(external facilitator) will be replaced by inconvenience. The reason is that existing ewaste collection systems in the Netherlands mainly consist of central collection
points, as opposed to convenient door to door curbside collection such as the waste
paper collection in the Netherlands. Therefore, in the current situation of returning
mobile phones, the collection frequency is less relevant and will be replaced with the
inconvenience to return.
Besides this, monetary incentives will be included because this is an important
determinant in order to activate a desired behavior as already became clear from
section 2.2.3. It was mentioned that incentives with a monetary element such as cash
payments and vouchers have the greatest influence on the willingness to return
mobile phones (Ongondo, Williams 2011a; Li et al. 2012).
Moreover, used mobile phones, especially smartphones, contain sensitive
personal data that is difficult to fully erase. As a result, end-consumers rather keep
their used phones at their end of life instead of selling them to others or return them
for recycling. Therefore, the concern about the security of personal data stored in the
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phone is added to the model as it is a major barrier for returning obsolete phones
nowadays (Hobson et al. 2018; Tanskanen 2013).
Furthermore, demographic variables (age, gender, education and income) are
included because they are the most commonly investigated variables in the recycling
literature, but their effects appear to be inconclusive (Hornik et al. 1995). The
following section will shortly explain the conceptualization of the dependent and
independent variables before outlining the hypotheses.
2.3. Analytical framework
Propensity to return. The dependent variable is the propensity to return. This is
based on the study of Hornik et al. (1995) which investigates the critical variables
influencing consumers’ participation in recycling actions and could be measured by
self-reports of behavior or measures of actual behavior.
Although the behavioral intention to return and recycle is an immediate
antecedent of behavior and seems a proper measure, the propensity to return will be
used in this study. Ajzen (1991: 181) defines intention as “how hard people are
willing to try, of how much of an effort they are planning to exert, in order to
perform the behavior”. However, Davies, Foxall and Pallister’s (2002) study
mentions that over-reliance on intentions as an indicator for a certain behavior omits
the evaluation of the behavior choice being made previous to the actual decision or
behavior (e.g. the choice of returning or throwing in the bin). Therefore, it might be
more reasonable to try to predict a consumer’s propensity to return because it
reflects a general willingness to behave in a certain way, whether or not consciously
intended to engage in this behavior (Pattaro 2007). In the case of a propensity, an
individual is not necessarily committed to act in the suggested manner when a
certain condition holds, instead it might also be an input to a further decisional phase
in which he or she is likely to behave (Pattaro 2007). On the contrary, in the case of
an intention, an individual has made up his or her mind about what to do if a certain
situation occurs (e.g. if the phone is at the end of its life, I shall immediately return
it). However, returning a mobile phone appears not to be a specific action where
consumers systematically intend to engage in at a particular time. Besides this,
returning is defined as giving or sending something back. Combining these
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concepts, the propensity to return is defined as the tendency of a consumer to return
a mobile phone with the purpose to be properly recycled.
Personal satisfaction from recycling. Carrying out an activity for its inherent
satisfaction is an intrinsic factor or motivation (Ryan, Deci 2000; Hornik et al.
1995). Feeling good from pursuing a personally satisfying activity (recycling) might
increase the propensity to return mobile phones for recycling. As a consequence, the
self-interest to conserve resources in order to achieve personal happiness can lead to
direct participation in activities and valued opportunities that make a difference in
the end (De Young 2000).
Perceived social influence. While personal satisfaction from recycling relates to
the individual’s internal incentive to recycle, perceived social influence refers to the
impact that external people have on the individual. According to Hornik et al.
(1995), social influence can be defined as an individual’s concern about the
perceptions of others, such as family and friends, if he or she does not recycle. The
individual’s recycling behavior can be influenced by people in the environment. For
example, a consumer might feel obliged to recycle his or her phone if recycling is
seen as valuable or is common practice among friends and family.
Knowledge. In general, the more information a person has about recyclable
materials or where recyclables are collected the more likely the person will recycle
(Schultz et al. 1995). Several studies argue that the promotion of environmental
initiatives should be increased to raise consumer awareness of current recycling
practices and the importance of mobile phone waste recycling (Jang, Kim 2010;
Ongondo, Williams 2011b; Tanskanen 2013; Ylä-Mella et al. 2015). It is necessary
to further inform the consumers on the dangers and the potentials concerning
electronic waste disposal (Speake, Yangke 2015). Therefore, in this study,
knowledge refers to the consumers’ awareness regarding the potential threat to the
environment and human health from improper disposal.
Monetary rewards. In general, extrinsic incentives such as monetary rewards are
successful in order to activate a desired behavior (Hornik et al. 1995). As mentioned
before, there are many different incentives to increase the return rate of mobile
phones such as free envelopes, discounts, prize draws, and cash payments. However,
incentives with a monetary element such as cash payments and vouchers seem to
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have the greatest influence in order to return mobile phones (Ongondo, Williams
2011a; Li et al. 2012).
Perceived inconvenience. Several studies state that convenience to return is an
important factor in whether or not to participate in e-waste recycling activities
(Saphores et al. 2012; Tanskanen 2013; Wang et al. 2011). Convenience refers to the
consumer’s belief of how much effort it takes to return their mobile phones. Existing
e-waste collection systems in the Netherlands mainly consist of central collection
points, as opposed to convenient door to door curbside collection. These collection
points might be considered as more complicated and time consuming as compared to
curbside collection. Therefore, in the situation of returning mobile phones, the
perceived inconvenience will be measured.
Privacy concern. As mentioned before, the concern for privacy disclosures
creates a barrier for returning mobile phones. Besides calling and sending text
messages, mobile phones are increasingly used for other purposes. As a
consequence, mobile phones contain sensitive personal data which is difficult to
completely erase at the end of life. Therefore, end-consumers might be reluctant to
sell them to others or return them for recycling.
Demographic factors. Demographic variables (age, gender, educational level
and yearly income) are included in the model because they are the most commonly
investigated variables in the recycling literature (Hornik et al. 1995; Saphores et al.
2012). However, their effects appear to be inconsistent. End-consumers are
individuals with different characteristics and thoughts about for example the residual
value or usability of the mobile phone at the end of its life. Therefore a one-size-fitsall approach is not appropriate for e-waste recycling (Speake, Yangke 2015). Hence,
the demographic factors age, gender, education and income are expected to have a
moderating influence on the propensity to recycle.
The following hypotheses are proposed and will be tested empirically.
Consumers who…
H1. feel highly satisfied from recycling are more likely to return and recycle their
mobile phones
H2. perceive a high social influence to recycle are more likely to return and recycle
mobile phones.
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H3. have knowledge about mobile phone waste recycling are more likely to return
and recycle mobile phones.
H4. receive a monetary incentive for returning their phones are more likely to return
and recycle mobile phones.
H5. perceive returning their phone as inconvenient are less likely to return and
recycle mobile phones.
H6. are concerned about their privacy are less likely to return and recycle mobile
phones.

3. Method
3.1. Data collection
All variables included in this study have been presented in the literature review.
Therefore, the items concerning each construct are adopted from previous studies
and modified to the current context. The number of items representing a construct
and the related sources are presented in the table 1. These constructs consisting of 34
items are measured on a seven-point Likert scale ranging from strongly agree to
strongly disagree.
Table 1. Constructs
Construct

Items

Source

Personal satisfaction

5

De Young (1985-1986)

Social influence

5

Knowledge

7

Monetary rewards

4

Inconvenience

5

Privacy

5

Lee (2008), Do Valle et al. (2004)
Davies et al. (2002), Do Valle et al.
(2004)
Shaw, Maynard (2008), De Young
(1985-1986)
McCarty, Shrum (1994), Davies et al.
(2002), Do Valle et al. (2004)
Smith et al. (1996), Malhotra et al. (2004)

Propensity to return

3

Gursoy et al. (2007)
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The survey is distributed among end-consumers of mobile phones in the
Netherlands and the unit of analysis are individuals. Convenience sampling is the
non-probability sampling technique selected for this study. The primary reason is the
ease of obtaining the data from the participants available at a given time (Bickman,
Rog 2008). Although this technique restricts the generalization to a wider
population, convenience sampling is the preferred technique given the resources
available.
Due to the fact of the widespread use and ownership of mobile phones, almost
everyone can contribute to this research. Therefore, the participants were kindly
requested to forward the questionnaire to other respondents. However, this
snowball-sampling might result in a sampling bias which increases the possibility
that the participants share the same traits and only a small subgroup of the entire
population will be derived (Bickman, Rog 2008). In order to reduce this sampling
bias, the survey is distributed among groups with different characteristics in terms of
gender and age.
3.2. Sampling
In total, 116 participants started the survey. After elimination of incomplete
submissions, a total of 101 valid and complete answers could be analyzed. Of these
101 end-consumers, more than half were male (53) and the remaining 48 female.
Among the 101 respondents, 60 were categorized into young adults (ages 24 or
younger), 23 were middle-aged adults (ages 25-49 years), and 18 were older adults
(aged 50 or older). More than two-third of the respondents had a bachelor’s degree
or higher (68). 45 respondents indicated to earn less than €15.000 annually, 30
people between €15.000 and €45.000, 12 people more than €45.000 and 14 preferred
not to answer this question.
As shown in table 2, the respondents own on average 2.90 used mobile phones
consisting of 1.61 smartphones and 1.29 standard mobile phones. The average of
2.90 mobile phones per individual in this study is lower than the average of 5 mobile
phones as stated by Tanskanen (2013). However, it still represents a large recycling
potential and this is confirmed by the fact that the majority of the used mobile
phones are simply kept at home (69%). Keeping the used phone as a spare phone
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and being afraid of privacy disclosures are indicated as the main reasons for not
taking the used phones to a recycling point.
The effect of gender, age, education and income on mobile phone ownership
and use among the respondents are presented in the Appendix (table A1). It is
remarkable that there exists a marginally significant positive linear relationship
between income and total average use of mobile phones (p < 0.10). This indicates
that the use of mobile phones among respondents increases with the incomes earned.
Table 2. Average mobile phone use and ownership among respondents
Average ownership

Average use

Average e-waste

1.61

0.97

0.64

1.29

0.19

1.10

2.90

1.16

1.74

Smartphones
Standard mobile
phone
Total
Source: authors’ own research.

Moreover, in 29% of the cases the used mobile phones are re-used: the majority
gives them to others (16%) or resells them (11%), while others leave them at the
store when buying a new one (1%) or bring them to a recycling point (1%). The
remaining 2% dispose them with the mixed waste.
Furthermore, the replacement rate of 18-24 months mentioned in the literature is
validated by this research as the majority (41%) indicated the same rate for changing
to another phone, followed by 24-36 months (34%) or less often (18%). 7% of the
respondents replace their phones every 12-18 months. However, the replacement
rates should be interpreted with caution as they often depend on fixed contract
periods as in the case of leasing or a phone via work. Therefore it is more important
to consider what is done with the used phone after replacing.
3.3. Measurement model
The convergent and discriminant validity are examined in order to validate the
reflective measurement model. Partial Least Squares (PLS) path modeling with the
software tool Smart PLS 3.0 is used for this analysis. PLS can be used for theory
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testing, but it can also be used to indicate whether relationships might or might not
exist and to suggest propositions for future testing (Chin 1998). Besides this, PLS is
suitable for smaller sample sizes in order to validate a model (Haenlein, Kaplan
2004).
Table 3. Factor loadings, T-values, and composite reliability
Construct (Composite Reliability)
Inconvenience (0.948)
I consider returning and recycling my
used mobile phone as…
… inconvenient
… too much trouble
… too complicated
… too time consuming
… a difficult task
Knowledge (0.893)
Returning used mobile phones with the
purpose to be properly recycled…
… helps to protect the environment
… creates a better environment for future
generations
… is a major way to save energy
… is a major way to reduce pollution
… is a major way to reduce the wasteful
use of land for dumps
… is a major way to conserve valuable
and recyclable materials such as gold,
palladium or silver
… is a major way to help the proper
handling of hazardous and toxic materials,
like lead and cadmium
Monetary Rewards (0.909)
I would take recycling my phone more
seriously if I can get a benefit from it
Returning and recycling used mobile
phones is worthwhile if I get cash for it
Returning and recycling used mobile
phones is worthwhile if I get a gift
voucher for future purchases
I would make more of an effort to return
and recycle my phone if I get paid for it

Cross
Load.

t-value

AVE

α

0.866
0.934
0.889
0.863
0.872

9.550
11.938
11.091
13.286
11.468

0.784

0.931

0.795
0.786

6.231
6.707

0.546

0.864

0.689
0.681
0.698

7.633
4.392
7.885

0.692

5.995

0.818

7.169

0.870

14.693

0.715

0.871

0.855

6.046

0.762

5.564

0.889

11.176
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Table 3. Cont.
Construct (Composite Reliability)
Privacy (0.931)
Returning used mobile phones causes
serious privacy problems
Compared to others, I am more sensitive
about the way companies handle my
personal information
I am concerned that companies are
collecting too much personal information
about me
I am concerned about threats to my
personal privacy
I keep my used mobile phones to
guarantee my privacy
Propensity to Return (0.842)
I have the tendency to return and recycle
my mobile phone when it is at the end of
its useful life
I am probably more likely to return and
recycle a mobile phone than most people I
know
I would attempt to notify others if I know
they do not return and recycle their phone
Personal Satisfaction (0.852)
I try to find ways to avoid the creation of
waste
I rather repair products than throwing
them away
I try to find ways to re-use things again
It feels good seeing more people recycling
I recycle because it feels right
Social Influence (0.870)
I discuss much about waste recycling and
issues with my friends and family
I share information regarding recycling
with my friends and family frequently
I expect that my family and friends
recycle
My family expects me to recycle
My friends expect me to recycle
Source: authors’ own research.
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Cross
Load.

t-value

AVE

α

0.633

1.922

0.726

0.931

0.885

3.713

0.946

3.775

0.960

3.829

0.793

3.012

0.795

13.500

0.641

0.718

0.853

17.277

0.752

11.579

0.738

9.229

0.537

0.783

0.638

5.340

0.749
0.754
0.776

8.061
9.292
10.002

0.866

16.338

0.576

0.829

0.824

12.086

0.716

6.523

0.614
0.750

4.044
6.639
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For the constructs (latent variables), the loadings of the reflective items are
examined in order to determine the appropriateness of the items. Each loading
represents the correlation between the item and the related construct (Chin 1998).
Hence, items with low loadings imply that they have a weak relationship in terms of
shared variance with the construct and should be deleted. In general, items with
loadings of less than 0.50 should be dropped (Hulland 1999). All factor loadings
resulting from the confirmatory factor analysis exceeded the recommended
threshold and were statistically significant (Table 3).
The convergent validity of the measurement model is assessed by calculating the
composite reliability (CR), average variance extracted (AVE), and Cronbach’s alpha
(α) as presented in table 3 (Hulland 1999; Fornell, Larcker 1981). The values for
both the Cronbach’s Alpha and composite reliability are greater than the acceptable
standard of 0.70 as suggested by Nunnally (1978). As a result, the reliability or
internal consistency of the items that are used to measure a latent construct are
sufficient. Furthermore, the average variance extracted (AVE), the average amount
of variance in the items that a construct is able to explain, is greater than 0.50. This
indicates that the latent construct explains more than half of its items variances
resulting in an adequate internal validity (Fornell, Larcker 1981).
In order to examine the discriminant validity, the criterion suggested by Fornell
and Larcker (1981) is applied. Adequate discriminant validity means that the square
root of the AVE associated with a specific construct must be greater than its
correlations with other constructs. Table 4 shows the descriptive statistics and
correlation matrix of the constructs. As shown in table 4, the diagonal elements
representing the square root of each AVE are sufficiently greater than the offdiagonal elements in the corresponding rows and columns (Hulland 1999).
As shown in Table 4, the diagonal elements representing the square root of each
AVE are sufficiently greater than the off-diagonal elements in the corresponding
rows and columns (Hulland, 1999). However, Henseler, Ringle, and Sarstedt (2015)
suggest to assess the heterotrait-monotrait ratio (HTMT) of the correlations, which is
the average of the heterotrait-heteromethod correlations, relative to the average of
the monotrait-heteromethod correlations. Hence, if the HTMT value is below 0.90,
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discriminant validity can be established between two reflective constructs (Henseler
et al. 2015).
Table 4. Interconstruct correlations and descriptive statistics
Construct

1

Inconvenie
nce (1)

0.885*

Knowledge
(2)

0.064

0.739*

0.310

0.103

0.846*

Personal
satisfaction
(4)

-0.138

0.082

-0.072

0.733*

Privacy (5)

0.346

0.176

0.206

0.143

0.857*

Propensity
to return
(6)

-0.353

0.352

-0.266

0.377

0.132

0.800*

-0.074

0.254

-0.045

0.560

0.161

0.431

Monetary
rewards (3)

2

3

4

5

6

7

Mean

Std.
Dev

3.713

1.382

2.371

0.761

2.116

0.941

3.034

0.958

3.428

1.450

4.835

0.945

4.687

1.082

Social
influence
(7)

0.759*

Source: authors’ own research.
Note: *Diagonal elements in the ‘correlation of constructs’ matrix are the square root of
AVE

From Table 5 it is clear that all HTMT values are significantly different from 1
as all the values are below the criterion of 0.90, and even below the highest
standards of 0.85, indicating sufficient discriminant validity among the constructs
used in this study.
In order to test the hypotheses, hierarchical moderated regression analyses
(HMRA) was done in SPSS version 22.0. Personal satisfaction, social influence,
knowledge, monetary rewards, inconvenience and privacy concern were utilized as
independent variables and gender, age, educational level and income as the
demographic moderators.
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Table 5. HTMT Results
Construct
Inconvenience (1)
Knowledge (2)
Monetary rewards (3)
Personal satisfaction (4)

1

2

3

4

5

0.098
0.342
0.215

0.197
0.233

0.159

Privacy (5)

0.481

0.190

0.324

0.212

Propensity to return (6)

0.433

0.420

0.314

0.497

0.175

Social influence (7)

0.213

0.300

0.169

0.680

0.256

6

7

0.507

Source: authors’ own research.

4. Results
The hypothesized relationships were tested via HMRA using SPSS 22.0. The
results are shown in table 6 and in the Appendix (table A2, A3, A4). In order to test
the moderating effect of the demographic variables, the first step in HMRA was to
test the effects of the main variables on the propensity to return. The results show
significant effects of five factors (personal satisfaction: β 0.203, p < 0.05,
knowledge: β 0.412, p < 0.01, monetary rewards: β -0.219, p < 0.05, inconvenience:
β -0.236, p < 0.001 and privacy concern: β 0.120, p < 0.10) on the propensity to
return, explaining 42.1% of the variance. Hence, H1 (personal satisfaction), H3
(knowledge), and H5 (inconvenience) are supported. Although, H4 (monetary
rewards) and H6 (privacy concern) are significant, they have unexpected
coefficients. Therefore, H2 (social influence: β 0.123, n.s.), H4 and H6 are not
supported.
The second step of the HMRA analysis included the full model by adding the
moderators to the main model. In order to reduce multicollinearity, these moderators
or interaction terms were first mean-centered and then multiplied with each other
(Shieh, 2011). The variance inflation factors (VIFs) were calculated in order to test
for multicollinearity. Except for the interaction term (> 45.000 x privacy concern),
they were all below the threshold of 10.
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Table 6 shows the moderating effects of gender with female as the baseline. It
shows that gender purely moderates the effect of social influence and privacy
concern on propensity to return (gender x social influence: β 0.373, p < 0.05, gender
x privacy concern: β -0.353, p < 0.01). Therefore, H2a (the moderating effect of
gender on the relationship between social influence and the propensity to return) and
H6a (the moderating effect of gender on the relationship between privacy concern
and the propensity to return) are supported, but H1a, H3a, H4a, H5a (the moderating
effect of gender on the relationship between personal satisfaction, knowledge,
monetary rewards, inconvenience and the propensity to return) are not supported.
Table 6. Moderated regression analysis of the effect of gender
Constructs

Model 1

Model 2

Model 3

VIF

0.203**
0.123
0.412***
-0.219**
-0.236***
0.120*

0.206**
0.119
0.402***
-0.217**
-0.241***
0.116*

0.229*
-0.068
0.467***
-0.310***
-0.181**
0.242***

3.230
3.469
1.960
2.586
2.468
2.179

-0.062

-0.107

1.301

Independent variables
Personal satisfaction
Social influence
Knowledge
Monetary rewards
Inconvenience
Privacy concern
Moderating variable
Gender
Interactions
Personal satisfaction x
Gender
Social influence x Gender
Knowledge x Gender
Monetary rewards x
Gender
Inconvenience x Gender

0.080

Privacy concern x Gender
0.421
R2
0.384
Adjusted R2
11.280***
F-value
ΔR2
Source: authors’ own research.
*p < 0.10, **p < 0.05, ***p < 0.01
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0.373**
-0.149

3.370
2.149

0.142

2.514

-0.118

2.600
2.796

-0.353***
0.422
0.378
9.598***
0.001

3.107

0.543
0.474
7.849***
0.121
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5. Discussion
This study improves the understanding of factors stimulating end-consumers to
properly return and recycle their used phones. Personal satisfaction from recycling
and knowledge or awareness of the potential dangers from not properly returning
and recycling have a significant positive influence. Their strength show the
importance of these internal factors influencing the propensity to return.
Additionally, their intrinsic nature has a relatively enduring effect on recycling
because these can be sustained indefinitely (Hornik et al. 1995). Hence, more
information about the toxicity and dangers of e-waste and the potential health
impacts of improper disposal should be provided. It is suggested that formal, nonformal and informal learning settings should contribute to increase the mobile phone
recycling knowledge and awareness. While this study considers outcome-based
knowledge concentrating on global environmental issues, further research might
focus on task-related knowledge because this knowledge is also necessary in order
to properly recycle. Task related knowledge considers the ‘what, where, and how to
recycle’ knowledge (Davies et al. 2002). However, it was felt that the task-related
knowledge was partly captured by respondents’ answers ‘I do not know where to
take the used cell phones’ and ‘I feel that recycling is troublesome’ as important
reasons for not taking the used phone to a recycling point.
Inconvenience showed a significant impact: Dutch consumers must bring or
send the used phone to a central point. Therefore, methods need to be developed
which take the existing infrastructure and resources into account while meeting the
needs of end-consumers. Another recommendation is to reduce the inconvenience
by decreasing the complexity and effort to return. End-consumers should be better
informed about where they can bring or send their used phones as several
respondents indicated that they do not know where to take them or find it
troublesome to return. To be more specific, drop-off points in stores, dedicated
recycling centers or door to door courier collection are suggestions to increase
convenience.
Monetary or financial rewards show an unexpected negative effect on the
propensity to return. However, respondents also indicated ‘receiving a cash payment
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or gift voucher’ as the most important factor that would trigger them to return their
used phone. According to Gneezy et al. (2011), monetary rewards result in two types
of effects: direct price effect and indirect psychological effect. The psychological
effect can sometimes adversely influence the price effect and crowd out the
incentivized behaviors. The negative effect can be explained by the respondents’
perception of getting not enough money in order to return their phones. In other
words, the monetary rewards do not outweigh the efforts or other motivations to
return used mobile phones.
Although the respondents further stated ‘being afraid of privacy disclosures’ as
one of the main reasons for not taking used phones to a recycling point, privacy
concern is positively related to the propensity to return. A reason for this unexpected
positive effect of privacy concerns could be the subjectivity of this factor. Privacy
concerns are not absolute concepts as consumers make choices based on trade-offs
in which they give up a certain degree of personal information in exchange for
benefits (Phelps et al. 2000). It can differ by individual and this is validated in this
study because gender, age, education, and income have a significant effect on the
relationship between privacy concerns and the propensity to return. Besides the
individual characteristics, the type of information and the amount of control
consumers have over subsequent distribution are important factors affecting privacy
concern (Phelps et al. 2000). In the case of returning mobile phones, end-consumers
have full control whether they keep their phone including the personal information
or erase and return it.
The insignificance of social influence indicates that there is no overall effect of
social influence on propensity to return. There is conflicting evidence whether social
norms impact recycling behavior (Davies et al. 2002). Different value systems and
cultures among respondents or measurement problems of this factor are possible
causes. Hopper and Nielsen (1991) found no direct link between social norms and
recycling behavior. Social norms are adopted on a personal level and become
personal norms. Thus the direct effect of social influence might be completely
mediated through personal norms. The moderated results in this study showed
significant cross-over interactions i.e. the effect of social influence on the propensity
to return depends on gender, age and income of the respondents. The positive effect
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of social influence from friends and family on propensity to return is higher among
males, middle aged and older adults and people with higher incomes. It is important
to take advantage of these differences between individuals in order to design
effective recycling programs. Returned phones should provide sufficient
refurbishing value to make deposit refund systems economically viable.
Extant literature shows conflicting findings with respect to economic incentives.
On the one hand, several researchers state that deposit refund systems for e-waste
should be given serious consideration as they are economically more profitable than
other economic incentives such as recycling subsidies (Saphores et al. 2012;
Tanskanen 2013; Ylä-Mella et al. 2015). On the other hand, deposit refund systems
for e-waste are expensive and inefficient, because mobile phones have a relatively
lower turnover rate than for example plastic bottles and, due to their small size,
consumers do not mind to keep them at home at the end of life. The amount of the
deposit and the collection rate determine the outcome of the system. Therefore,
respondents were asked what would be the amount of money that would stimulate
them to return the used phones through a deposit refund system similar to one for
returning plastic bottles. The amount of money ranges from €5 to €100 with an
average of €30. However, this amount should be considered with caution as it
depends on the type of phone and the extent of damage to the phone, but it gives an
initial indication and might be useful for further considerations. Hence, this study
not only contributes to earlier studies but might also serve as a starting point for
future research. The findings of this research might also be of interest for the return
of electronic devices other than cell phones. A similar, more recent problem is
created by the booming tablet market, but also very cheap computers on-a-stick, and
cameras are a growing source of concern.
Although this study has been conducted with specific attention towards
methodological constraints, it has some limitations. The survey response rate leads
to issues of generalizability within the Dutch and wider context. However, the
results are in line with previous studies (Ylä-Mella et al. 2015; Martinho et al.
2017).
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6. Conclusion
Eventually, all mobile phones become obsolete and need to be properly
collected in order to recycle their dangerous as well as valuable materials. From
economic, ecological and legislative perspectives, this electronic waste should be
directed to proper end-of-life processes. The end-consumers have a key role in these
processes as the collection and recycle systems cannot work properly without the
contribution of these downstream members. They are responsible and have to decide
whether to return or keep their mobile phones.
Despite the increase in mobile phone subscriptions, the high replacement rates
and the presence of several mobile phone recycling programs in the Netherlands, the
return rates are still low. Therefore, this study gathered information about the factors
affecting consumers’ propensity to participate in mobile phone waste recycling. It
can be concluded that personal satisfaction from recycling, awareness and
convenience can be improved by providing specific promotions and information
regarding mobile phone waste recycling programs. Actions improving the internal
facilitators such as educating people and enhancing the social image of mobile
phone recycling activities should entice more consumers into phone recycling as
well as to continue with this behavior. Recycling needs to be transparent, convenient
and rewarding.
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APPENDIX
Table A1. Mobile phone ownership and use among respondents
Average ownership

Average use

Smar
tphon
e

Stand
ard

Tota
l

Smart
phone

Stand
ard

Male

1.66

1.47

3.13

0.96

Female

1.57

1.08

2.65

≤ 24

1.73

1.10

25-49

1.83

≥ 50

0.94

Average e-waste
To
t.
res
p.

Total

Smar
tphon
e

Stand
ard

Total

0.26

1.22

0.70

1.21

1.91

53

0.98

0.10

1.08

0.59

0.98

1.57

48

2.83

1.00

0.10

1.10

0.73

1.00

1.73

60

1.57

3.40

1.00

0.17

1.17

0.83

1.40

2.23

23

1.56

2.50

0.83

0.50

1.33

0.11

1.06

1.17

18

2.60

0.91

0.30

1.21

0.39

1.00

1.39

33

3.04

1.00

0.13

1.13

0.76

1.15

1.91

68

Gender

Age

Educational level
Sec.(vo
c)
1.30
1.30
educati
on
Higher
educati
1.76
1.28
on
Annual income
< €15k

1.76

1.11

2.87

0.98

0.09

1.07

0.78

1.02

1.80

45

€15k45k

1.70

1.40

3.10

1.00

0.20

1.20

0.70

1.20

1.90

30

> €45k

1.33

1.83

3.16

1.00

0.42

1.42

0.33

1.41

1.74

12

n.a.
1.21
1.14 2.35
Source: authors’ own research.

0.86

0.29

1.15

0.35

0.85

1.20

14
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Table A2. Moderated regression analysis of the effect of age
Constructs

Model 1

Model 2

Model 3

VIF

Personal satisfaction

0.203**

0.162*

0.184

Social influence

0.123

0.144*

-0.054

Knowledge

0.412***

0.362***

0.346***

Monetary rewards

-0.219**

-0.224**

-0.267**

Inconvenience

-0.236***

-0.241***

-0.172**

2.629
2.734
1.600
2.159
2.068
2.061

Privacy concern

0.120*

0.113*

0.175**

-0.143
-0.006

-0.168
-0.087

2.281
2.243

-0.052

1.827

0.400*
-0.190
0.027

2.054
2.127
2.446

-0.364*
0.184
-0.003

2.962
5.638
2.490

0.565**
0.070
0.039
0.279
-0.589***

3.691
2.302
1.761
3.605
4.039

Independent variables

Moderating variable
25-49
≥ 50
Interactions
Personal satisfaction x
25-49
Social influence x 25-49
Knowledge x 25-49
Monetary rewards x 2549
Inconvenience x 25-49
Privacy concern x 25-49
Personal satisfaction x ≥
50
Social influence x ≥ 50
Knowledge x ≥ 50
Monetary rewards x ≥ 50
Inconvenience x ≥ 50
Privacy concern x ≥ 50
R2

0.421

0.421

0.566

Adjusted R

0.384

0.370

0.458

F-value

11.280***

8.352***

5.220***

ΔR

-

-

0.145

2

2

Source: authors’ own research.
*p < 0.10, **p < 0.05, ***p < 0.01
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Table A3. Moderated regression analysis of the effect of educational level
Constructs

Model 1

Model 2

Model 3

VIF

Personal satisfaction

0.203**

Social influence

0.123

Knowledge

0.412***

Monetary rewards

-0.219**

0.164*
0.143*
0.377***
-0.234***
-0.228***
0.121*

0.163
0.037
0.283
-0.278**
-0.187*
-0.048

4.201
3.742
4.224
3.094
3.319
3.977

Inconvenience

-0.236***

Privacy concern

0.120*

0.108

0.100

1.075

Personal satisfaction x High
edu
Social influence x High edu

0.108

3.604

0.156

3.456

Knowledge x High edu

0.153
-0.002

3.983
3.128

-0.019
0.238*

3.219
4.058

Independent variables

Moderating variable
Higher education
Interactions

Monetary rewards x High
edu
Inconvenience x High edu
Privacy concern x High edu
R2

0.421

0.421

0.478

Adjusted R2

0.384

0.376

0.400

F-value

11.280***

9.618***

6.120***

ΔR2

-

-

0.058

Source: authors’ own research.
*p < 0.10, **p < 0.05, ***p < 0.01
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Table A4. Moderated regression analysis of the effect of annual income
Constructs
Independent variables
Personal satisfaction
Social influence
Knowledge
Monetary rewards
Inconvenience
Privacy concern
Moderating variable
€15.001- €45.000
> €45,001
n.a.
Interactions
Personal satisfaction x 15.00145.000
Social influence x 15.00145.000
Knowledge x 15.001- 45.000
Monetary rewards x 15.00145.000
Inconvenience x 15.00145.000
Privacy concern x 15.00145.000
Personal satisfaction x >
45,001
Social influence x > 45,001
Knowledge x > 45,001
Monetary rewards x > 45,001
Inconvenience x > 45,001
Personal satisfaction x n.a.
Social influence x n.a.
Knowledge x n.a.
Monetary rewards x n.a.
Inconvenience x n.a.
Privacy concern x n.a.
R2
Adjusted R2
F-value
ΔR2
Source: authors’ own research.
*p < 0.10, **p < 0.05, ***p < 0.01

Model 1
0.203**
0.123
0.412***
-0.219**
-0.236***
0.120*

0.421
0.384
11.280***
-

Model 2

Model 3

VIF

0.205**
0.090
0.451***
-0.215**
-0.234***
0.113*

0.363**
-0.206*
0.480***
-0.240**
-0.192**
0.166**

3.827
3.726
2.319
2.387
2.561
2.388

0.183
-0.116
-0.190

0.059
-0.374
-0.213

1.532
1.870
3.241

-0.157

1.965

0.428**

1.885

-0.349
0.043

1.778
1.808

0.375*
-0.366**

3.484
3.414

-0.117
0.641**
-0.370
0.128
-0.501**
-0.149
0.911**
-0.193
0.348
0.352*
-0.550**

1.875
2.313
4.864
4.291
2.244
8.789
10.09
1.884
3.118
3.408
3.344

0.438
0.382
7.785***
0.017

0.615
0.478
4.493***
0.178
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1. Introduction
The current use of conventional energy. Indonesia has a particularly difficult
challenge of providing low carbon energy, particularly in the electricity sector, due
to its geographical, demographical and socio-economic factors. Reserves of oil and
gas, are being rapidly depleted, making Indonesia’s energy security weak as she has
to import both oil and gas. Because electrical power generation is dominated by
coal, gas and oil and takes the substantial portion of the national oil subsidy, a
strategy to shift from fossil fuels to renewable energy is necessary. With much lower
green-house gas emissions, renewable energy sources will also help Indonesia to
fulfil its carbon emission reduction target.
Having a population of around 264 million in 2017 spread across 17,500 islands
has placed Indonesia as the 4th most populous in the world. In addition, according to
the United Nations Convention on the Law of the Sea (UNCLOS) meeting on
August 2017, this archipelagic country is the 7th largest country by sea and land
area.
The rapidly growing oil demand coupled with the continued decrease of oil
production has placed Indonesia as net oil importer country since 2004. The falling
oil production might be caused by the limited investment in new oil exploration and
the lack of rejuvenation of existing oil sites. Although a founding member of OPEC,
the geopolitical factors and the fluctuating world oil situation forced Indonesia to
make a strategic decision to suspend its OPEC membership in January 2009 (see
Figure 1). However, Indonesia re-joined OPEC in 2014 although still been bearing
the status of a net oil importer (BP Statistical Review of World Energy 2015).
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Less than a year after re-joining OPEC, Indonesia reconsidered its membership
in OPEC due to the internal pressure to limit oil production for OPEC members. In
this case, Indonesia would cut the oil production by 5,000 barrels per day (bpd)
instead of 37,000 bpd required by OPEC. This disagreement forced Indonesia to
leave OPEC for the second time. In regards to oil exports, the gradual decrease in oil
rents1 and exports can be seen in Figure 2.
Besides being a net oil importer, Indonesia could follow a similar story for
liquefied natural gas (LNG), becoming a net LNG importer in the next ten years or
less. At this time, Indonesia is still a net LNG exporter and ranks 5 th highest in the
world for LNG exports with 16.6 million tons/year and a market share of 6.4% (IHS
Market, IGU 2017). Nonetheless, Indonesia is projected to be net LNG importer by
2022. In regards to net importer/exporter status, Figure 3 and Figure 4 shows the
Indonesian position in ASEAN and in the World. The projections show Indonesia
becoming more dependent on oil and gas imports and thus more vulnerable to World
prices.

1

By definition, oil rents reflect the difference between the world price of oil production and total costs
of production. Each country in Asia has diverse oil rents value as % of its GDP. It is estimated based on
sources and methods described in “The Changing Wealth of Nations: Measuring Sustainable
Development in the New Millennium” (World Bank 2011).

41

Uswatun HASANAH, Les DUCKERS
Figure 3. Net oil and gas imports as a share of demand2

Source: Authors’ own elaboration based on WEO (2013).

Figure 4. Net oil and gas imports/exports shares in selected regions in the New
Policies Scenario

Source: Authors’ own elaboration based on WEO (2013).

In regards to coal, Indonesia is the 5th highest rank in the World, after China,
USA, Australia and India, with an annual production of 255.7 million tons oil
equivalent (MTOE) (BP Statistics 2017). Since Indonesia has targeted greenhouse

2

Import shares for each fuel are calculated as net imports divided by primary demand while export
shares is net exports divided by production. A negative number indicates net exports. Southeast Asia
covers ASEAN region, includes Indonesia.
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gas emission reduction, up to now, using coal as a source of electricity generation
has been highly contentious. On one hand, using coal as power generation is
considered more practical because Indonesia has abundant coal coupled with low
production costs. It is argued that coal in Indonesia is relatively “clean” because it is
has a low (0.1 to 1 %) sulphur content and is processed using clean coal
technologies. The development of coalbed methane (CBM) reservoirs at the
upstream side has attracted many players recently. In addition, though renewable
energy resources have been promoted to help meet emission reduction targets, there
is no clear indication for the significant reduction of coal utilization in the
foreseeable future. Moreover, global markets still demand a substantial amount of
coal which Indonesia exports at around 70-80 % of its coal production. Indonesian
coal commands a relatively high price. In regards to mid-long term national energy
planning, according to the Ministry of Energy and Mineral Resources (2016) coal
will contribute about 30% to the energy mix in 2025; 6% higher than in 2011. This
is in contradiction with Indonesia ratifying the Paris Agreement on carbon emission
reduction at the substantial level of 29% by 2030.
The commitment to climate change reduction (COP21). The Paris Accord
(COP21) gained support from around 197 countries in December 2015, and these
countries have ratified their commitment to the Accord and will act to restrict the
increase in average surface temperature of the World to 1.5C. This is regarded as a
vital target as it is a tipping point beyond which we may not be able to stabilize the
World climate. Notably, US President Trump has withdrawn the US from COP21.
The commitment to reduce carbon emission about 29 % by 2030 has forced
Indonesia to plan for the deployment of low carbon energy. The increase of coal in
Indonesia’s energy mix 2025 is therefore a paradoxical policy, with unclear
strategies in each Ministry and among Ministeries to achieve the emission reduction
target.
Electricity provision. Indonesia has strived for more sustainable and
environmentally benign energy in recent years. The commitment can be seen in
Indonesia’s energy mix 2025 in comparison with 2011. By setting the substantial
increase in the renewable energy share to 26 % by 2025 in contrast with 6% in 2011,
the government has demanded a substantial growth in renewable energy
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deployment. Unfortunately, the acceleration for renewable energy deployment,
particularly electricity generation, is not as fast as the “written” plan. The growing
pressure over the use of clean energy has pushed Indonesia to reduce its power
generation from coal, according to Ministry of Energy and Mineral Resources,
The current picture of electricity (Cornot-Gandolphe 2017): About 89% of
electricity is provided by fossil fuels and the rest from hydro and geothermal. In
2010 only 68% of the population had access to electricity, by 2014 this number had
risen to 84%. This means that people living on many of the islands still have no
access to electricity. Meanwhile, the growth in demand (at 7.1% per year since
2010) for electricity continues to strain the existing network. Power capacity has
doubled in the past decade from 27GW to 55.5GW at the end of 2015. Coal is the
largest contributor at 56%, and possibly growing, whereas the government’s policy
to phase out the use of oil has seen a reduction in the consumption of diesel.
In this paper we demonstrate an outline strategy for Indonesia to move its
electrical generation from fossil fuels to renewable sources in order to reduce carbon
dioxide emissions whilst avoiding excessive costs. The modelling here is based on
assumed present fossil fuel generating plants.

2. Options for replacing fossil fuels
This paper examines the options for both replacing and augmenting Indonesia’s
existing power stations. We look at the economics of operating each power plant to
its end of life and then replacing its capacity with a renewable low carbon power
plant selected from PV, wind, biomass, wave or hydro.
Nuclear. Nuclear and renewable energy technologies are “low carbon” energy
sources which release much less carbon dioxide per kWh than fossil fuels. However,
nuclear sources are potentially dangerous because of the radioactivity associated
with their operation, decommissioning and waste management. Beyond this, the cost
of new build nuclear power stations is proving to be much higher than renewable
sources. Hinckley Point C in the UK is under construction by a consortium led by
EDF (Electricite de France). The UK Government has guaranteed the consortium
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£92.5/MWh (US$120/MWh) for 35 years. This is about twice the current cost of UK
electricity, and the predictions about the cost of renewables suggest that by the time
that Hinckley Point C is commissioned in 2027 this guarantee will be several times
higher than the unit cost of PV or wind generated electricity.
Photovoltaic. Photovoltaic (PV) electricity is generated by converting solar
energy into Direct Current (dc) electricity. This dc electricity can be stored in
batteries and then converted into Alternating Current (ac) electricity by passing it
through an inverter. In this case, Indonesia enjoys high solar insolation and so is an
ideal candidate for exploiting PV technology. An obvious problem is the lack of
output during the night and periods of low sunlight. To some extent the batteries can
alleviate this difficulty.
Wind. Wind-generated electricity is produced by wind turbines of various sizes.
Some wind turbines are small and can cater for a small remote community by
generating a few kilo-Watts (kW) of electricity A recent development is extremely
large diameter two-bladed rotors mounted on a high tower, which can produce multi
Mega-Watts (MW) ac outputs. As with PV, wind turbines offer a good option for
Indonesia across its numerous islands, but with the obvious difficulty of the
intermittency of wind.
Others. Other renewables include tidal, hydro, wave and biomass, but in general
geothermal, PV and wind are the most immediately viable technologies for
Indonesia, with these others potentially contributing on some islands in the future.

3. Economic considerations
The range of cost of electricity generation from renewable and conventional
energy sources can be seen in Table 1. There are some advantages by applying the
model of the levelized cost of energy (LCOE) because this model provides us the net
present value (NPV) of the (total) costs divided by the amount of energy generated
in the whole life cycle of the project. Table 1 is taken from the 10th annual review of
electricity costs (Lazard 2016), which clearly shows the lowest range of costs are
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available from wind technology. These costs are based on US technology and
conditions.
Table 1. Levelized cost of electricity generated from various sources
Renewable Energy

Cost
US$/MWh
Min

Max

Solar PV residential

138

222

Solar PV Rooftop
C&I

88

193

78

.

Conventional
Energy

Cost US$/MWh
Min

Max

Diesel ICE

212

281

135

Gas ICE

68

101

49

61

Gas Peaking

165

217

46

56

Nuclear

97

136

Biomass

77

110

Coal

60

143

Microturbine

76

89

Gas CC

48

78

Geothermal

79

117

Wind

32

62

Solar
PV
Community
PV
crystalline
utility
PV thin film utility

Sources: Lazard (2016).

Although PV requires substantial capital costs, resulting in high levelized costs, this
source stills looks attractive. Lazard (2016) reports that the costs of PV and wind
have been falling for ten years, and can be expected to continue to drop as maturing
technologies become more efficient, and as mass production reduces manufacturing
costs. Figure 5 shows the reduction in costs for PV falls by 20% for each doubling
of installed capacity. However, the intermittency of both solar and wind resources
creates problems with the grid, which Lazard states will require the continued
employment of some fossil fuel power stations to meet the demand in the absence of
PV or wind.
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Figure 5. Historical development of the cost of PV modules

Source: Authors’ own elaboration based on Fraunhofer Institute (2016).

4. Economics of intermittency
Alternatives to retaining fossil fuel power stations on the grid are to use smart
grids to match supply to demand and/or to include energy storage. In fact, energy
storage is essential where PV or wind are the energy providers.
Figure 6. Example of wind speed and associated instantaneous power against
time

Source: Authors’ own elaboration.
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To illustrate this, consider Figure 6, where the wind speed varies quite
extensively over a period of a few minutes. The output from a wind turbine is related
to the cube of wind speed and so the power output varies by a factor of 7:1 during
the few minutes of the record. Short term battery storage over minutes can help to
smooth this power output. In order to meet the demand over a 24 hours period, longterm battery storage can be used. The energy storage developers in the U.S. installed
336 MWh of storage in 2016, double the amount from the previous year. This means
that about 3% of the US daily electricity generated could be stored. By 2022, US
energy storage installations are expected to reach 7,300 MWh, capable of storing
65% of the daily electrical generation, and generating annual revenues of $3.3
billion. The technical value of such storage is that it supports and thus permits
reliance on variable inputs from renewables such as wind and PV. Lithium-ion
batteries made up 98.4 percent of the U.S. energy storage market in the last quarter
of 2016. Lithium-ion battery prices have fallen 73% since 2010, due to
improvements in technology and scaling by manufacturers. Battery prices as a whole
have declined 40 percent since 2014 (Greene, Barrow 2017). In this paper, though,
we have not included additional energy storage beyond that incorporated into PV
systems. In the first 15 years of the modelling this is reasonable because we will
retain a major contribution from fossil fuels, which provide inherent storage. In a
future paper we will model more rapid adoption of renewables and therefore will
address the storage question in more detail.

5. Methodology
In this research, we assume that the present electrical generation in Indonesia
comes from gas, coal and oil fueled plants in equal numbers, as this reasonably
represents the cost and emissions from the power stations in Indonesia. Further, we
assume that due to their different ages that they are due for decommissioning at
various dates over the next 30 years. We have taken a typical installed capacity of
800MW for each of these plants to demonstrate the feasibility of a GHG reduction
strategy. We will introduce more detail of generating plant capacities, costs,
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emissions and scheduled end of life in subsequent modelling and a future paper. In
this modeling we have used the US cost data from Lazard (2016), capacity factor,
greenhouse gas emissions, as CO2eq and cost of the energy sources are given in
table 2. Note that the low capacity factors for wind and PV reflect the reliance of
these sources on the intermittent availability of wind and sun, whereas the other
energy sources are limited only by technical aspects of their operations such as
repair and maintenance periods, and so have capacity factors close to 1 (or 100%).
Table 2. Energy source (fossil and renewable), capacity factor, greenhouse gas
emissions, and cost
Energy Source
gas
coal
oil
PV
wind
biomass
hydro
Source: Lazard (2016).

capacity factor
0.9
0.85
0.8
0.25
0.3
0.9
0.7

CO2 eq T/MWh
0.4
1
0.85
0.02
0.02
0.02
0.02

$/MWh
85
105
120
55
47
94
83

6. Modelling a strategy for Indonesia
We suggest a conversion strategy from fossil fuels to renewable over a period of
30 years to 2050. This relies on continuing operation of fossil fuel power stations
until each one reaches its scheduled end of life, or earlier if the economics and
climate change gas emissions are improved. On the other hand, gradual investment
in primarily PV and wind farms replace those decommissioned fossil fuel plants. We
present three scenarios.
A) Business as usual (BAU), in which only fossil fuel plants are used into the future,
and are replaced by new fossil fuel plants when necessary.
B) Matching decommissioned fossil fuel plants with PV, wind farms, biomass and
hydro.
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C) An expansion of the Indonesian electricity provision by adding more PV and
wind than in scenario B.
Results
A) Scenario Business as usual
Figure 7. (A) annual output

Figure 8. (A) CO2 emissions

Source: Authors’ own elaboration

The BAU scenario shows a constant annual output and CO2 emissions
B) Matching decommissioned fossil fuel plants with PV and wind farms

Figure 9. (B) Output

Figure 10. (B) CO2

Figure 11. (B) Cost

Source: Authors’ own elaboration

By introducing PV and wind to replace obsolete or retired fossil fuel plant the CO2
emissions can be reduced to near zero by 2050, whilst the total cost of energy falls
by about 30% over the same period.
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C) An expansion of the Indonesian electricity provision

Figure 12. (C) Output

Figure 13. (C) CO2

Figure 14. (C) Cost

Source: Authors’ own elaboration

By more than simply replacing fossil fuel plants with renewable capacity, this
scenario shows a 125% increase in electricity capacity and a near zero CO2 emission
over 30 years period. The total cost increased by only 66%.
The third scenario could be made more representative by including the falling
cost of renewables. For example, there is evidence that PV costs drop by 20% each
time the installed capacity doubles. Thus, the average electricity cost will
approximately half by 2050. Figure 15 shows scenario C) as calculated above and
with the cost of PV reducing due to improved performance efficiency and
production efficiency.
Figure 15. The average cost of electricity in scenario (C)

Source: Authors’ own elaboration
Note: The lower curve assumes a falling PV cost
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We have not made any provision here for the cost of storage to smooth out the
delivered electricity over short periods or to match output to demand. It is
conceivable that individual houses fit PV panels, or have wind turbines, or have
storage batteries, whilst being connected to the grid. On the other hand, renewables
are extremely suitable for dispersed deployment. A community could install its own
small grid together with storage. Thus, providing electricity on previously
unconnected islands would not require extension of the national grid.

7. Conclusion
Indonesia can meet its commitment to COP21 by adopting a strategy of
gradually replacing its fossil fuel generating power plants with PV and wind farms.
This modeling suggests that the total annual cost of electricity provision will be
reduced. On the other hand, by spending 66% more, the expansion scenario suggests
that the electricity capacity would be increased by 125%.
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1. Introduction
There is growing negative assessment among the EU’s partner countries towards
the outcomes of the European Neighborhood Policy (ENP). It resulted from different
objectives and expectations towards the program against the provisions put by the
EU. Some of the countries strive to achieve closer economic benefits with the EU
without aspiring to membership, others seek to attain an accession to the EU which
is to be accompanied by successful socio-economic reform and systemic
transformation. Instead the EU expresses its willingness to engage with selective
ENP members much more on the basis of close association than membership.
Additionally the widespread criticism is a consequence of geopolitical turbulences
and military crisis in the countries covered by the ENP, i.e.: the Mediterranean
partners have experienced the turmoil of the Arab Spring and the Eastern neighbors
have again found themselves in the orbit of particular interests of Russia, the apogee
of which is the armed conflict in the Eastern Ukraine. The EU is accused of not
engaging in resolution of the crisis and the lack of adequate response.
The ENP covers numerous countries from Eastern Europe, Southern Caucasus,
North Africa and Middle East which are very diverse and heterogeneous. Many of
the partners have never agreed with the proposed “neighborhood” formula and its
scope and have failed to make substantial progress in economic, social and political
modernizations. Therefore the aim of the paper is the analysis and examination of
the partner-countries’ various positions and interests with regard to the ENP. The
key point is to find the root-causes of their divergent expectations and reservations
towards the ENP. The paper comprises three parts. In the first one there was
depicted general geopolitical overview of the ENP. Second part concentrates on
partner countries different approaches towards the initiative and the third section is
an attempt of synthetic analysis of the neighboring countries conflicting visions
within the ENP.
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2. ENP in a nutshell
The ENP was launched in 2004 with the aim of building new political and
economic relations between the EU and its Southern and Eastern neighboring
countries through supporting of introduction of reforms and systemic changes in the
partner countries. In the South the initiative covered 10 countries: Algeria, Egypt,
Israel, Jordan, Lebanon, Libya, Morocco, Palestine, Syria and Tunisia and in the
East 6 states: Armenia, Azerbaijan, Belarus, Georgia, Moldova and Ukraine. The
main objective of the ENP was to avoid the emergence of new dividing lines
between the enlarged EU and its neighbors by engaging of the partner countries in
negotiation of reform priorities leading to good governance, rule of law, trade
liberalization and civil society representation. The ENP was to go beyond traditional
financial assistance provided to the neighboring countries and was assumed to be
better suited to the challenges in particular regions. The EU’s offer was based on
two pillars. First, it was the EU political and economic engagement pledged to
increase funds within the ENP programs. Second, it was to be a platform for better
economic and political cooperation between the EU as a whole and the partner
countries.
The Southern dimension of the ENP was built upon the initiatives of the
Barcelona Process and was reinforced by the Union for the Mediterranean (UfM).
The latter was established upon the initiative of French President Nicolas Sarkozy in
2008 and has replaced the Euro-Mediterranean Partnership (EMP) which was laid
down within the framework of the Barcelona Process. However the ENP and the
UfM does not overlap in terms of their membership. It means that Bosnia and
Herzegovina, Albania, Montenegro, Monaco, Mauritania and Turkey are members
of the UfM but not part of the ENP.
Under the EMP formula there were introduced ambitious long-lasting programs
on political, economic and cultural co-operation between the 15 EU Member states
and 12 Mediterranean partners with much focus on democratization and sustainable
socio-economic prosperity. The cooperation was enhanced by initiating a free trade
area between the EU and the partners which was to be implemented by 2010 though
Euro-Mediterranean Association Agreements with each of them. Because of the
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mass critics and unsatisfactory results the Barcelona Process was considered a
failure at its tenth anniversary in 2005 (Sarto, Schumacher 2005: 25-28).
The Union for the Mediterranean was to reinforce the Southern dimension of the
ENP and put a clear distinction between the Eastern and Southern neighbors. It was
also an indicator that the approach “one size fits all” applied in the ENP was
inadequate to the situation and showed little added value compared to other forms of
more traditional bilateral assistance (Koeth 2014: 24). The new initiative was
equipped with its own intergovernmental set-up and a limited number of political
and economic objectives which meant short term goals of enhancing economic
relations and European security ahead of addressing local socio-economic problems
(Wouters, Duquet 2013: 22). The program of ENP reinforced by the UfM was to be
pursued in two ways: first by multilateral and second bilateral dimension. The
multilateral perspective is related to the UfM and its predecessor – the Barcelona
Process. The bilateral dimension is complemented by the Association Agreement
(AAs) undertaken within the Barcelona Process and the ENP Action Plans within
the ENP.
In turn, the Eastern dimension of the ENP is represented by the initiative of
Eastern Partnership (EaP) which was launched in 2009. After the admission of
Central European Countries to the EU in 2004 and 2007 the Union decided to launch
a program which would provide the EU’s Eastern neighbors with an alternative to
membership a set of incentives for engaging in economic, social and political
reforms. However in the view of the EaP’s initiators – Poland and Sweden, the EU’s
membership would mean for the ENP partners the partnership (implicit) goal –
contrary to the official doctrine of “sharing everything but institutions” (Hett et al.
2015: 3). The concept of “sharing everything but institutions” was issued by the
European Commissioner Romano Prodi (Prodi 2002). The initiative was expected to
stimulate changes in Eastern Europe by bringing forward internal reform and
enhancing intra-regional cooperation. Moreover the EaP highlighted the importance
of good neighborly relations, confidence-building measures and the advancement of
stability.
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The package of the EaP contains three major elements which if it implemented
would improve economic and social situation in the partner countries and their
cooperation with the EU. First it is a problem of admission and implementation of
the Association Agreements (AAs.) and/or Deep and Comprehensive Free Trade
Area (DCFTA). Second goal concerns a visa free regime and the third involves the
issue of energy security and a membership in a Energy Community created in 2006
for the Western Balkan countries (Gromadzki 2015: 12-13). Moreover the initiative
assumed to develop intraregional cooperation among the partners which would lead
to formulate a stable regional block. Against this background not much has been yet
achieved. However as a milestone it should be acknowledge the signing of the
Association Agreement (AA) including the DCFTA by Ukraine, Georgia and
Moldova. All of them expressed interest in deeper integration with the EU having in
mind their future membership. In contrast the remaining partners of the EaP –
Armenia, Azerbaijan and Belarus did not want to continue further integration with
the EU and for the time being decided to remain out of the process.
In sum, before its enlargement in 2004 the EU had an institutional framework
for closer economic and political cooperation with Mediterranean countries under
the Barcelona Process. The initiative was endowed in ambitious targets of
democratization, security and economic growth for the Mediterranean countries
together with an unrealistic objective like making peace in the Middle East. It was
clear after the years, that it was a yawning gap between the ambitions objectives of
the political program and huge obstacles that stood on the way to reaching them.
The accession of Central and East European countries in 2004 and 2007 has
shifted external frontiers of the EU far to the East, which intensified the interest of
the EU with that area. The idea of that time was to combine two dimensions of the
EU’s external policy which resulted in establishing new policy framework covering
both East neighbors and the Southern Mediterranean partners. On the one hand the
Europeans asserted the partner countries they were going to share “everything but
institutions”, which meant that they were to be treated almost as members. On the
other hand, number of visions and interest of each member state of the EU has
almost precluded the EU from pursuing coherent policy within the ENP.
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3. Different interests and visions
The ENP partner-countries diverge in almost every aspects of their political and
socio-economic stance. They differentiate from the level of economic development
up to historical and cultural background. This disparity can be also noted in both
expectations regarding relations with Europe but also their perceptions and visions
towards those relations.
The ENP was conceived to erase the impression on putting new borders between
countries which found themselves “in” and “out” of the club. The EU decided to set
the tone for the longstanding dialogue by deepening institutional relations and
giving greater emphasis to bilateral cooperation with each neighboring country. The
problem was that the partner countries had different visions and expectations against
the EU’s offer. Thus for some countries the EU did not match their political
aspirations and economic needs, for others the program was putting too much
emphasis on democratization and good governance instead of focusing on trade
relations and development assistance. The Southern group of countries perceive the
EU activities in the region as a bulk that hinders their maneuvers, while the Eastern
partners consider the European engagement as insufficient which may not give them
a guarantee for EU’s accession (Bendick 2008: 4).
The 16 ENP countries have not very much in common, except several key
features such as poor economic performance, poverty, lack of good governance, rule
of law, violations of human rights, etc. One of this is the geographic proximity to the
EU. However geographical closeness in itself is a weak argument to the importance
of mutual relations (Lehne 2014: 6). Good neighboring relations with the EU are
much more important factor in a strategic decision-making process taken by the
partners. Most of the countries would prefer to hold individual relations with the EU
than depend on cooperation with others. This is particularly visible in the
Mediterranean states. Due to their long-term historical and cultural relations with
Western Europe they seek to maintain individual relations with the EU based on aid
programs and development assistance. The propensity of building bilateral relations
is also seen in case of the Eastern neighbors.
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The EU’s approach to its neighborhood has been often characterized as a
Eurocentric attitude where the partners interests were neglected and the needs
ignored. The concept which the ENP was based on is assumed largely that the
partner countries share the “same values and interests” as the EU member states.
This conviction creates a belief that the neighbors should easily adhere to principles
such as social cohesion, rule of law, and respect of human rights. It is very hard to
accept in particular for Mediterranean countries that the driving force of their
evolution and modernization might come from outside on a “carrot stick” policy
basis. In their opinion the method taken in the European program clearly shows that
the ENP logic was formulated with special attention to Eastern European neighbors
than the Southern Mediterranean (R. A. Del Sarto, T. Schumacher 2005: 17-18).
Additionally there are growing disparities even among the countries with
geographical proximity such as the Eastern neighbors. Most of them strive to build
closer and substantive relationship with the EU, however the ENP does not match
the most ambitious interests of these countries (i.e. Ukraine or Georgia) (Lehne
2014: 7). In return the EU has not sent a clear message about eventual accession of
these countries, what make them feel uncertain and confused. Georgia clearly
considers the ENP as a path towards European integration from the very beginning
while Moldova and Ukraine have changed slightly their political positions in the
course of time. Armenia has developed a rather pragmatic approach with a clear
focus on economic cooperation and Azerbaijan has also limited expectations
towards the ENP as the country attached greater importance to cooperation with
Russia and Central Asian neighbors (Delcour 2011: 11).
However countries with perspective of future membership perceive the EU’s
promises as too little. An incentive of accession would be much more powerful force
to reform than a blurred perspective on EU’s enlargement dispensed in symbolic
doses (Delcour 2011). While certain member states, namely from Central Europe
deem that Ukraine, Georgia and Moldova should be given a perspective for future
membership, a number of other states, mainly from the “old” Europe are skeptical
and reserved. For instance country like Moldova is very much interested in closer
cooperation with the Union as it is very much dependent on its financial assistance
as well as trade relations and considers the EU as a main destination of its job
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seekers. Other states from the Eastern Partnership do not share the same attitude as
Moldova. For Azerbaijan the EU is one of its many trading partner and Armenia has
recently opted for Euro-Asian customs union with Russian.
The ENP partner countries have been very much influenced by complex and
floating situation in neighboring area. The engagement of other state actors such as
the US, Turkey, Russia, China, Saudi Arabia or Qatar reduces relative power of the
EU by offering financial and material commitments without strict conditionality.
The EU is perceived as a institution which put tough requirements in terms of
reforms and modernizations and offers too little in return (Youngs 2014: 89-99).
Therefore the EU’s offer involves burdensome costs for the recipient and long-term
procedures of disbursement which make the EU’s assistance less attractive.

4. Southern Mediterranean perspective
Southern Mediterranean partners perceive the ENP initiative with undisguised
reserve. They accused the Europeans of not arranging consultations with the
Southern partners before launching the initiative. They felt overlooked because the
project was designed especially for Central and Eastern Europe and then it had been
extended to the South Mediterranean countries at the last minute (Boumghar 2013:
1-3). First of all they object the ENP instrument which speaks of sharing European
values and express the approach based on the European hegemony. The
conditionality underpinning the ENP appears to Southern partners as a mechanism
which make the impolite pupil set back on the right bank. The post-colonial stigma
influences the current South-North relations and makes the Southern partners very
much responsive to relations with European counterparts. It correlates strictly to
their sensitivity in relation to sovereignty and interference. Despite the critics
Mediterranean partners have accepted an argument of conditionality, which means
that in case of human rights violation the AAs with a partner country can be
suspended.
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Although the initiative seems to be needed and fills some gap in mutual
relations, the Southern partners expressed serious reservation concerning the merit
of the ENP, which assumes European financial assistance and deepening economic
cooperation to be proportional to the progress made in areas such as human rights,
rule of law and civil societies development. Instead, the partners would prefer the
EU to consider the problems like management of migration or a signature of
readmission agreement that to deal with domestic issues related to democratization
processes. In the view of Southern partners democratic changes are the results of
internal demand that should be handled domestically without any international
pressure (Boumghar 2013).
Reservation towards the ENP is reflected by the long-lasting process of
establishing free trade area (FTA) between the EU and the Mediterranean countries.
The launching of FTA with the EU by 2010 was a key objective within the
Barcelona Process. Bilateral FTAs. were included in each Association Agreements
and negotiation position of the partners depended on economic development of a
country and its profile. The Mediterranean saw the initiative as a imbalanced due to
their inferior economic position and the mono-export oriented markets. The
asymmetry stems from the fact that the EU is the main commercial partner for most
southern Mediterranean countries, whilst the importance of partners covered by the
FTA is much smaller for the Europeans. After the years of implementation there has
arisen many concerns around the FTA which related to misallocation of resources
and trade diversion, fiscal unsustainability of tariff cuts, rising unemployment
associated with eventual deindustrialization in the short run (Lorca, Escribano 2015:
9). Final results did not meet the initial goals. First, the coverage of the FTA was
restricted to the trade in goods and second only limited number or countries engaged
in development of their FTAs both with the EU and with other partner countries in
the region (Wouters, Duquet 2013: 37).
After the years of implementation the most advanced Mediterranean partners
have been offered a new formula of a free trade agreement. Though the scale and the
content of the reforms taken under the AAs were poor, the EU acknowledged to be
sufficient for launching a new set of negotiations. The offer of launching
negotiations on Deep Comprehensive Free Trade Agreement (DCFTA) was
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addressed to Jordan, Egypt, Tunisia and Morocco. The DCFTA was assumed to be
an instrument enabling the countries (both from the Eastern and Southern dimension
of the ENP) to create better integration of their economies into the EU single
market. The DCFTAs consist of two parts: first – tariff reduction which is built on
WTO commitments and second – adoption of EU trade acquis going beyond tariff
reductions to cover more extensively the dimensions of investment protection,
public procurement and competition policy. They cover all trade-related areas such
as services, intellectual property rights, customs, public procurement, energy-related
issues, competition, etc.
Most of the Mediterranean partner countries have concluded AAs with the EU
which cover trade in industrial goods with some additional protocols on
liberalization in agriculture commodities (the AAs were entered into force with
Algeria in 2005, Egypt in 2004, Israel in 2000, Jordan in 2002, Lebanon in 2006,
Morocco in 2000, Palestine Interim Agreement in 1997 and Tunisia in 1998).
However for the time being there has been little chance to implement the provisions
of the DCFTA even in the most advanced Southern partners such as Morocco,
Jordan or Tunisia.

5. The Eastern dimension perspective
The Eastern partners perceive the ENP as a program which did not meet their
expectations concerning both economic relations and accession’s aspirations. Taking
into account deteriorating economic conditions they are not very much willing to
bear significant costs of transformations and integrations with the EU, particularly
when the ultimate goal of such relationship has not been clearly defied (Sadowski
2013: 9). Despite declarations about “co-ownership” of the ENP initiative, the
partner countries do not perceive the EU’s model of mutual relations as their own
project. Therefore they consider the actions taken by the EU under the ENP as not to
be agreed jointly with the partner countries. Their general position towards the
initiative depends mostly on current political and economic situation in the regions
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as well as the short-term interest of governments and local politicians (Sadowski
2013: 28).
There are two groups of EaP countries for which cooperation with the EU means
something else. The first one with participation of Ukraine, Moldova and Georgia
have accelerated negotiations with the EU by signing Association (AA) and the
DCFTA in June 2014, and a visa-free regime with Moldova in April 2014. The three
other EaP states, Belarus, Armenia and Azerbaijan, have signed up to a Russian-led
Eurasian Economic Union (EEU), which has automatically excluded them from
joining the DCFTA (Knott 2015). In turn they select and focus these elements of
economic cooperation with the EU, which would provide them with better access to
European market and transfer of technology. Accordingly they treat their relations
with the EU instrumentally by balancing between the EU and Russia. They count on
substantial benefits but they have done no progress in economic and political
liberalization instead. Belarus is engaged in issues that can not endanger the power
of the ruling regime, such as border security, while avoiding cooperation in
potentially dangerous areas, such as closer political relations or economic
integration. In Azerbaijan current political establishment is much more committed in
relation with Russia than with the EU. Relations with the EU are based mainly on
energy cooperation, which is seen as a priority for European market. Belarus and
Azerbaijan are engaged in economic integration with Russian within the framework
of custom union.
The second group of the countries consists of Moldova, Georgia, Ukraine. Their
priority in relations with the UE is accession. The problem is that the EU does not
guarantee them membership in the nearest future, which consequently leads to
weakening of the partner’s engagement in the process of integration. Therefore, due
to the changing circumstances some of them lose their pro-European enthusiasm.
Additionally financial crisis in the Eurozone has shown the ENP partners that the
European model of development is not the only option available for them. A
competitive project has arisen under the leadership of Russia who offers deeper
economic and political cooperation under the Euro-Asian union. As a result Armenia
has changed over the time its course of actions towards the EU. Currently the
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country may be positioned somewhere between these two groups, though closer to
Belarus and Azerbaijan than to Ukraine or Georgia (Gromadzki 2015: 13).
Despite the fact that Russia was not a formal partner country within the ENP
framework, its foreign policy has very much influenced Eastern partners interests
and their political position. Russia’s attitude towards the ENP and its Eastern
dimension has appeared very quickly very hostile and aggressive. All partner
countries with the most advances institutional relationships with the EU have
became a subject to Russian threats, political and economic sanctions. Russia has
asserted pressure on the countries to withdraw from cooperation with the EU and to
choose Euro-Asian customs union under its leadership. When the EU completed the
DFCTA with Ukraine, Russia decided to react and convinced Kiev to shift the
course of its policy. These steps have led to mass proceedings in the Ukrainian
Eastern territory and military accession of Crimea. It seems that the Russian
intention is destabilization of the Ukrainian’s East regions, not to mention about the
intimidation of the other states in Eastern European and the Southern Caucasus.
The dilemma of having good relations with Russian together with extending or
deepening cooperation with the EU is one of the biggest challenge the Eastern
partners are facing. The vast majority of countries are seeking to develop good
relations with Western Europe but at the same time trying not to pressing Russian’s
buttons. They attempt to gain benefits both from the EU and Moscow. Due to their
close economic and political ties with Russia they are afraid of deterioration their
mutual relations which may result in economic and political sanctions or military
rehearsal. The exception is Georgia and Moldova whose politicians have expressed
occasionally their independence from Russian influences. Nevertheless they are also
forced to pursue cautious policy towards Russia.
The lack of clear defined policy objectives under the ENP has led to the
situation in which the politicians from the partner countries treat the EU
instrumentally and nearsightedly. Political leaders have often used their relations
with the EU to strengthen their political position and to get short-term economic
gains. According to R. Sadowski the widening discrepancy between the objective of
integration and the timeframes of possible accession makes the politicians from the
partner countries less interested in achieving the final goal of the EU’ integration
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(Sadowski 213: 32). Additional costs associated with introducing of economic and
social reforms would not prevail them on taking the agenda.

6. Conclusions
The ENP is weakening. The reason is twofold: different visions and
expectations from the partner countries and second a floppy engagement of the UE’s
institutions in the forging of the ENP coherent policy.
First, different visions and perception of the partner countries towards the ENP
come from their divergent interest and concerns. However it can be found a general
feature of their approaches which is based on common criticism against the
provisions of the program. In consequence each of the partner-country both from the
Southern and Eastern dimension of the ENP prefers developing its individual
relations with the EU than jointly with others. Second, a weakened political
commitment from the EU may result in a departure from the policy objectives such
as support for democratic transition and bringing the partner countries closer to the
EU (Kaca 2014). In light of the EU’s current “post-Arab spring” relations with
Mediterranean partners and fragile relations with Russia the EU might take the
course to reduce its ambitions in terms of deepening political integration with both
regions and limit the EMP and the EaP to technical cooperation.
Most of the partners have so far made little progress in reforms, modernizations
and integration with the EU. Since the inception of the ENP in 2004 their internal
situation related to democratization, free market transformation or civil society has
not very much improved, except some countries from the Eastern Partnership which
aspire to EU’s membership. Moreover the other countries have not been prepared to
bear additional costs for modernization especially when they faced deteriorating
economic and social conditions. Moreover the EU is seen as it has been losing
interest in the neighborhood policy owing to its internal Euro crisis.
The ENP partners differ in almost every aspect, from their level of social and
economic development to security and political situations. In this respect they differ
also in approach to outcomes of the ENP and the matter it is pursued. General line
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runs between the partner countries which are very keen on future membership and
these who do not aspire to become a member of the EU. The first ones have fulfilled
the essential commitments by signing the AAs and DCFTAs. The problem is that
the (pro-EU) political class of Georgia, Ukraine and Moldova view the membership
option as a panacea, both to shore up uncertain domestic support for EU integration
and as a buffer to Russian leverage (Knott 2015). The second group did not expect
the enlargement of the EU but they relied on closer but selective economic and
political relationships with European members based on greater financial assistance
and open access to the European market. They expect from the Europeans to open
up their common market for goods and services and a greater admission of labor
forces.
The way the ENP is seen by the partner countries varies considerably. In the
Mediterranean countries, except Israel, accession to the UE is not taken into
account, while the EU’s involvement in domestic affairs is perceived negatively. In
most cases (i.e. Egypt, Tunisia, Morocco, Algeria, Jordan and Syria) European
concern of domestic affairs is highly critical not only by the governments, but also
by the representatives of civil society. By contrast partners from the Eastern
Partnership initiative criticize the EU for deficient engagement within the ENP and
the lack of a key message about the EU’s Eastward enlargement. These attitude
prevailed specially in Ukraine, Moldova and Georgia. The most difficult partnercountries to qualify are the Palestinian Authority and Belarus. Israel is an another
exception. It has good long-standing political and economic relations with the EU,
however for the reason of security and geopolitical situation its rapprochement to the
EU is quite difficult.
Both the Southern and Eastern partners perceive each other as a rivals in their
strive to meet the ENP requirements, particularly in receiving financial assistance.
Mediterranean partners would prefer to be in different initiative than together with
their counterparts from the Eastern Europe. Accustomed to traditional closer
economic relations with the EU they did not like to share the same cooperation
platform with Eastern neighbors. In their view a single inclusive approach to both of
them may not be applied simultaneously.
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1. Introduction
European environmental policy has evolved since the 1990s, due to energy
security and climate change concerns, and now focuses on five dimensions: energy
security, the internal energy market, energy efficiency, decarbonisation of the
economy, as well as research, innovation, and competitiveness. In order to advance
energy efficiency improvement, changes in law and new regulations were
introduced at the international and national levels. While also putting obligation on
the governments to report on the progress. The current 2030 target on 27% energy
efficiency improvement (from 1990 levels) is accompanied by a 40% greenhouse
gas emissions (GHG) reductions target and a 27% target for renewable energy in
each Member State. Implementation of the new energy policy and the increasing
number of energy targets induces an urgent need to understand the trends in energy
use and select appropriate tools for monitoring progress. The purpose of the
indicators is to assess the results achieved, the extent to which the objectives have
been met, while enabling international benchmarking.
One of the main focuses of the vast literature has been on identifying drivers for
changes in total energy use (Ang, Zhang 2000; Liu, Ang 2007). Decomposition
analysis has become useful tool for comparing the driving forces of change in
energy use of the whole economy and main sectors (Weber 2009). In general, there
are many reasons why country’s energy demand changes over time, e.g. growth in
economic output, investment in infrastructure, efficiency improvements or changes
in the production and consumption patterns. Decomposition analysis attempts to
divide changes in energy consumption over time into various driving forces for
change. It aims to distinct between energy efficiency increases representing energy
savings or “technical changes” and other factors like changes in the structure of an
economy, demographic or behavioural changes etc. (Metcalf 2008).
There are two well-developed schools of decomposition studies, the methods of
index decomposition analysis and structural decomposition analysis (Hoekstra, van
der Bergh 2003; Ang, Zhang 2000). Each of these two methods is characterized by
distinctive, unique techniques and approaches, as they have developed quite
independently. An index decomposition analysis measures the impact of energy
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efficiency gains on the level of energy consumption at very detailed sector
disaggregation level (by sub-sector or end-use). While structural decomposition
analysis allows to analyse the impact of the external factors, such as technological,
demand, structural and demographic effects, on the fluctuations of the total energy
use.
In this article, the energy usage indicators are compared and analysed for
transport sector in Poland in the years 2000-2014. The aim is to identify factors
determining changes in energy consumption in this sector using structural and index
decomposition analysis. The similarities and differences between the two
approaches are also summarized and illustrated. The study was conducted on the
basis of data provided for this purpose by Enerdata, the data controller of the EU
ODYSSEE-MURE program in which engages 28 EU Member States and Norway.
The program has been developed to monitor indicative energy policy targets
introduced in European Union by Directive 2006/32/EC. It aims at continuous
monitoring of changes in energy consumption. It employs two complementary
ODYSSEE databases: one for energy efficiency and second for CO2 emissions, as
well as MURE database for policy enforcement measures to reduce energy
consumption.

2. Index decomposition analysis
The term index decomposition analysis was first used in Ang and Zhang (2000)
to differentiate the technique from structural decomposition analysis. Index
decomposition analysis is methodologically based on tools used for analysing
energy-related trends since the 1970s1, first used to study the impact of changes in
product mix on industrial energy demand. It has since been expanded to include
other areas including CO2 emission analysis, environmental management, and
sustainable use of natural resources. An aggregated component, for example the
energy consumption of one sector, is broken down into several determining factors

1

The use of index decomposition analysis in order to describe and analyse trends in energy
consumption started in the 2nd half of the 1970s in the U.S. (Weber 2009).
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to analyse their influence on the aggregate. In this section index decomposition
analysis of the energy demand variation is carried out for transport sector in Poland
to show the drivers behind the changes observed. The analysis was based on unit
consumption data used to calculate the energy efficiency index of Polish economy in
the ODYSSEE-MURE program.
The Odyssee energy efficiency index (ODEX) is the leading indicator used in
the ODYSSEE-MURE program and published by the European Environmental
Agency (EEA) to verify progress on energy efficiency in Europe. ODEX measures
energy efficiency progress of the whole economy (all final consumers) as well as by
the main sectors (industry, transport, households) in 28 EU Member States and
Norway. ODEX is a bottom-up index, because it is constructed from specific energy
consumptions or unit consumptions at the most detailed sector disaggregation level
allowed by the available data and re-aggregated at the level of final energy
consumption. An aggregated bottom-up energy efficiency indicator is very useful
tool for detailed diagnosis by sub-sector or end-use and to evaluate the impact of
particular policy measures on energy efficiency improvement (Bosseboeuf et al.
2005).
The ODEX is calculated for three main sectors, i.e. industry, transport and
households, as a weighted average of sub-sectoral indices, where the weight is the
share in the final energy consumption of each sub-sector. The sub-sectoral indices
are calculated from changes observed in unit energy consumption measured in
physical units (for instance tons of steel, m² for dwellings, etc.) and are afterwards
aggregated and weighted. Undoubtedly, the value of the energy efficiency index will
depend on the degree of sector disaggregation. The greater the disaggregation, the
more structural effects will be removed from the indicator. Using indices enables
different units to be combined for a given sector. Moreover, since the ODEX is
calculated at the sectoral level and mostly based on physical instead of monetary
activities, it seems to be a more adequate indicator to estimate energy efficiency
trends than energy intensities. In the ODEX methodology the impact of energy
efficiency improvement is analytically separated from other factors, like economic
growth, structural changes within a sector or weather conditions (Enerdata 2016).
In the ODYSSEE-MURE database the ODEX index is represented by
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percentage change compared to 1990 levels, so it does not focus on absolute values,
but shows only the change comparing to the state at the reference year (value of
ODEX equal to 99 means a 1% energy efficiency gain). However, the calculation is
based on a sliding base year, which means that energy efficiency gains are measured
in relation to the previous year. ODEX cumulates the incremental energy savings
from one year to the other (for a detailed description of the methodology see
ODYSSEE 2016; Lapillonne, Pollier 2011).
In fact, ODEX is equal to a rate of energy savings, i.e. the ratio between the
actual energy consumption of the sector or economy in year t and actual energy
consumption without energy savings (Enerdata 2016). In the formula below It is a
value of index for year t, then the ratio It/It-1 is described as the energy consumption
of year t divided by the energy consumption that would have taken place in year t
had the unit consumptions been those of year t-1 (ODYSSEE 2016):

where:
i – sector;
ECi,t – energy consumption of sector i in year t;
Ai,t – activity variable of sector i in year t;
UCi,t-1 – unit consumption of sector i in year t-1.
For the purpose of presented analysis, the ODEX index has been recalculated
and represented by percentage change compared to 2000 levels. According to the
ODEX indicator (Figure 1) energy efficiency of Polish economy improved by 26.4%
between 2000 and 2014, at an annual average rate of 1.9% per year. All sectors
contributed to the improvement, with the largest gains registered in the industry
sector. ODEX for transport until 2011 has been falling very slowly and only in
recent years has shown a higher rate of decline. Finally, the index decreasing by an
average of 1.7% per year, reached a value of 75.7 in year 2014.
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Figure 1. Energy efficiency index ODEX for Poland (2000-2014)

Source: Author’s own elaboration based on ODYSSEE databases, ENERA (2000=100).

Methodology of the ODEX allows to calculate the aggregated energy efficiency
index in several steps, each with a different level of aggregation. Therefore, it is
possible to calculate separate indexes for industry, transport and households, and
afterwards, based on these indexes, a general index for all these sectors combined.
Also, it is possible to conduct a decomposition analysis of the sector indicator and
examine at very detailed level the reasons behind the change.
The results of the decomposition analysis of the ODEX index for transport
sector are presented on Figure 2 below. For transport sector, the evaluation is carried
out at the level of 3 modes and 4 vehicle types: cars, trucks and light vehicles,
motorcycles, buses, air transport, rail, and water transport. For cars and motorcycles,
energy efficiency is measured by the specific energy consumption per vehicle. For
the transport of goods, the unit consumption per ton-kilometre is used (equal to the
transportation of one metric ton of freight one kilometre). Similarly, for the transport
of passengers, the unit consumption per passenger-kilometre is used (ODYSSEE
2016). On the basis of the unit consumption data for the individual subsectors,
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included in the sectoral ODEX, trends in energy consumption were computed using
the year 2000 as the baseline.
Figure 2. Decomposition of energy use in transport in Poland (2000-2014)
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As shown on Figure 3, energy efficiency of the whole sector increased by 24.3%
between year 2000 and 2014, with an annual average rate of 1.73%. The biggest
drop in energy use exceeding 60% was recorded in air transport. The biggest
increase observed was in case of water transport – by 438.5% (relative to base year).
The very large fluctuations in energy consumption in water transport are difficult to
understand and may suggest imperfection of statistics, as energy efficiency progress
should change smoothly.
Energy efficiency of passenger cars improved by nearly 16% and motorcycles
by over 40%. The trend for trucks and buses was different. After the decline in
efficiency, small decrease can be observed after year 2012, but both indexes are still
by 22.9% (trucks) and 9.2% (buses) above the base year.
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Figure 3. Energy savings in transport in Poland (2000-2014)
Transport mode
ODEX transport
Inland waterways transport
Trucks and light vehicles
Passenger transport
Cars
Rail transport
Motocycles
Air transport per passenger

2000
100
100
100
100
100
100
100
100

2014
75,7
538,5
122,9
109,2
84,3
69,0
59,2
39,0

Change
-24,3%
438,5%
22,9%
9,2%
-15,7%
-31,0%
-40,8%
-61,0%

Change/year
-1,73%
31,32%
1,63%
0,66%
-1,12%
-2,22%
-2,92%
-4,35%

Source: Author’s own elaboration based on ODYSSEE databases, ENERA.

As already mentioned, there are many factors which cause changes in the energy
use in transport or any sector, but have no connection with the efficiency with which
energy is used. These changes may be structural, behavioural or they may result
from factors, such as weather or demographic changes. The ODEX indicator
described above measures only the impact of energy efficiency gains on the level of
total energy consumption, while other factors which influence final energy
consumption are omitted. In order to include impact of external factors on the
fluctuations of the total energy consumption another tool was created based on the
ODYSSEE databases which allows for structural decomposition analysis.

3. Structural decomposition analysis
Structural decomposition analysis allows to understand why country’s energy
demand changes over time, e.g. due to the growth in economic output, investments
in infrastructure, efficiency improvements or changes in the production and
consumption patterns, as well as estimating the relative share of each of these
effects. This tool is based on the environmental input–output analysis and has
become a standard method in energy analysis (Hoekstra, van der Bergh 2003).
The objective of the analysis is to decompose the variation of total final energy
consumption over a given period of time into various components (e.g. economic
growth, lifestyle changes, energy savings) to analyse their influence on the
aggregate. In particular, it allows to explain how the variation of the final energy
consumption by sector is linked to the energy savings calculated with top-down
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methods. In ODYSSEE structural decomposition methodology energy savings are
derived from:


Energy efficiency index ODEX presented above or;



The method proposed by the European Commission for Energy Service
Directive (ESD)2.
This two approaches are in fact very similar. In case of transport sector the
definition of energy savings is the same as proposed by ESD calculations. Despite
the importance of the measurement of energy savings, there is also a need to monitor
the total amount of energy consumed by sector as it will be the main driver of CO 2
emissions.
The variation of the energy consumption of transport is decomposed into three
main factors (Bosseboeuf et al. 2015):


Activity effect – change in passenger traffic;



Energy savings – variation of the energy consumption per passenger
kilometre or tonne-km for each mode of transport;



Modal shift effect – change in the share of each transport modes in the total
traffic.
The activity effect is present in the transport sector due to more traffic for
passengers and goods. It captures the changes in the value added and measures the
impact of the economic activity on the energy consumption. It is calculated for the
different modes of transport separately and then summarized. For passengers, it is
calculated by multiplying the variation of the traffic measured in passengerkilometre for each mode by the energy consumption per passenger-kilometre at base
year. For goods, it is calculated by multiplying the traffic in tonne-kilometre of each
mode by the specific energy consumption per tonne-kilometre at base year. As
described in Enerdata (2015) the activity effect is calculated as follows:
Activity effect (passenger):

Activity effect (goods):

2

The Energy Service Directive 2006/32/EC.
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where:
EQT – activity effect;
CU – energy consumption per passenger or good kilometre by mode;
n = cars, bus, rail for passengers;
m = trucks and light vehicles, rail for goods, inland waterways;
pkm – number of passenger kilometre by mode;
tkm – number of ton kilometre for goods by mode.
Energy savings effect is measured by multiplying the variation of the energy
consumption per passenger-km or tonne-kilometre of each mode of transport by the
number of passenger/goods kilometre3 (Enerdata 2015):
Energy savings (passenger):

Energy savings (goods):
where:
EST – savings effect;
CU – energy consumption per passenger or good kilometre for all transport mode;
n = cars, bus, rail for passengers;
m = trucks and light vehicles, rail for goods, inland waterways;
pkm – number of passenger kilometre by mode;
tkm – number of ton kilometre for goods by mode.
The weighting method has been defined in such a way that the calculation of
energy savings is strictly equal to the sum of energy savings by end-use, with energy
savings obtained by multiplying the variation in unit energy consumption by an
indicator of activity. For instance, energy savings for cars is equal to the variation in
l/100km per car multiplied by the number of cars.
For cars, energy savings can be split into four effects (Enerdata 2015):

3

Change in the efficiency of cars measured in litre/100km (“technical

The methodology proposed by the Commission to calculate energy savings for the monitoring of the
ESD in the top-down approach. It differs from the calculation used for the ODEX as the indicator used
for cars is litre/100km instead of goe/pkm.
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efficiency effect”);


Change in traffic in passenger-km and distance travelled (“activity effect”);



Change in the average car occupancy rate (“occupancy rate effect”);



Change in fuel mix: from gasoline to diesel and from oil products to biofuel,
both leading to an increase of the average heat content in toe/litre
(“substitution effect”).
Modal shift effect measures the impact of changes in the distribution of each
mode in total traffic of passengers and goods. It is calculated as a difference between
the sum of savings of each mode for passenger and goods respectively and the
aggregate savings calculated for passenger or goods as a whole (Enerdata 2015):
Modal shift for passenger as a whole:

Modal shift for goods as a whole:

where:
MST – modal shift effect;
EST – savings effect;
CU – energy consumption per passenger or good kilometre by mode;
pkm – number of passenger kilometre by mode;
tkm – number of ton kilometre for goods by mode.
Total energy consumption of transport in Poland has almost doubled between
year 2000 and 2014, rising from 9.18 to 15.98 Mtoe (Figure 4). The biggest increase
by 93.35% occurred in years 2002-2011.
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Figure 4. Total consumption of transport in Poland (2000-2014)

Source: Author’s own elaboration based on ODYSSEE databases, ENERA.

The variation of the energy consumption of transport in Poland between year
2000 and 2014 has been decomposed into main factors, as shown on Figure 5. The
other effects represent “negative” savings due to inefficient operations in transport.
This deterioration of energy efficiency is mainly taking place in freight transport due
to low capacity utilization.
As presented on Figure 5, energy consumption of transport has increased by
6.81 Mtoe over the 2000-2014 period mainly due to increase in passenger and goods
traffic (activity effect) which contributed to increase of the energy consumption by
8.06 Mtoe. Another positive effect can be noted in modal shift, with increase of 2.73
Mtoe. Whereas, only energy savings decreased the energy consumption by 4.13
Mtoe over the 2000-2014 period. It would be interesting to see, if this structure was
more or less constant through analysed period of time and if there are any trends that
can be observed and analysed. Figure 6 shows structural decomposition of the
annual changes in energy use in transport in Poland in years 2000-2014.
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Figure 5. Structural decomposition of the energy use in transport in Poland
(2000-2014)

Source: Author’s own elaboration based on ODYSSEE databases, ENERA.

Figure 6. Structural decomposition of the annual changes in energy use in
transport in Poland (2000-2014)

Source: Author’s own elaboration based on ODYSSEE databases, ENERA.
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Annual growth of energy use in transport was caused mainly by activity effect,
which increased the energy consumption between 0.5 and 1 Mtoe every year. Also,
modal shift effect constantly contributed to increase of total energy use in years
2000-2014. The most significant fluctuation concerns energy savings. This effect
was almost insignificant through many years and that changed substantially since
2011. Energy savings caused a significant decrease in total energy consumption at
the end of analysed period, interrupting the upward trend, what can be observed in
Figure 4.

4. Concluding remarks
There is a strong political need and demand for monitoring energy efficiency
trends, mainly through the use of a limited number of simple, understandable and
“saleable” indicators. ODEX is a new type of aggregated energy efficiency index,
which is considered to be a very relevant alternative to the popular, but too
simplistic energy intensity ratio. ODEX is not only relatively easy to understand by
non-specialists, but as an aggregated bottom-up indicator it serves the need of the
European Commission for the aggregated indicator to monitor the energy efficiency
target fulfilment. On the other hand, it also matches the need for a good proxy of a
pure bottom-up evaluation. Moreover, ODEX eliminates structural effects and
lifestyle effects as far as possible; and in that sense, it can be concluded that this
indicator is closer to an engineering based evaluation of energy efficiency.
This paper recognizes the main determinants of the energy efficiency
improvement in transport sector in Poland in the years 2000-2014. This sector
includes road, air, rail and water transport. ODEX as an overall energy efficiency
index aggregates the trends for each transport mode in a single indicator for the
whole sector. Index decomposition analysis consists in breaking down an aggregated
component, for example the energy consumption of one sector, into several
determining factors to analyse their influence on the aggregate. In case of Poland
ODEX shows an overall progress of energy efficiency in transport by 24.3%
between years 2000 and 2014, with an annual average rate of 1.73%. Results
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obtained with decomposition analysis indicate large divergences in energy
efficiency improvements between modes of transport and vehicle types and identify
areas where there is still potential for further reduction of energy consumption. The
biggest drop in energy use exceeding 60% (relative to base year) was recorded in air
transport and the biggest increase by 438.5% was observed in water transport.
Structural decomposition analysis conducted for transport sector allows to
identify driving forces in energy demand over analysed period. Results from
decomposing energy usage at the most detailed level possible, show activity effect
to be main reason for energy use growth. Energy consumption of transport has
increased by 6.81 Mtoe in total and activity effect contributed to the increase of the
energy consumption by 8.06 Mtoe in years 2000-2014. The only important factor in
driving down the energy use of the transport is energy savings, which decreased the
energy consumption by 4.13 Mtoe over the 2000-2014 period. Modal shift effect,
with increased by 2.73 Mtoe, proves that the distribution of each mode in total
traffic of passengers and goods in Poland changes for worse (i.e. toward less energy
efficient modes) and does not support energy use reduction.
To summarize, multiple approaches can be applied to analyse energy use in
order to generate a variety of perspectives on determinants of changes. There are
two schools of decomposition methods, index and structural decomposition analysis,
that can be used to analyse the determinant effects using sector level data, which
seem to be complementary. Using these two methods and comparing obtained
outcomes allows to get a broader view on energy use trends. Results presented in
this paper are a good starting point for further detailed analysis of changes in energy
use of transport.
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Magdalena Maria KOZIŃSKA
1. Introduction
Central counterparty (CCP) is a clearing house which business involves the
settlement and clearing of transactions in different classes of financial instruments.
Its activity consists in entering between the original parties of the transaction – when
settling and clearing a trade, CCP becomes the buyer to every seller and the seller to
every buyer (taking over the entire counterparty credit risk). Simultaneously, the
clearing house, theoretically, does not run any financial risks, as for every open
transaction (e.g. with the original seller) it automatically enters into the opposite deal
(with the original buyer), thus making CCP’s position always netted and closed1.
Figure 1. Exposures in the CCP clearing

Source: own elaboration.

Experiences resulting from the Lehman Brothers (LB) bankruptcy showed that
CCPs, due to their specific mechanism of functioning, are also skillful crisis
managers. The system of charging margins from clearing members for every cleared
transaction proved to be a tool limiting potential losses (resulting from transactions
settled through the CCP) and, at the same time, containing the further spread of the
crisis to the customers of the failed bank – most of the bank derivative transactions
settled by CCPs (nominal value: over $500 billion) after the collapse of LB were
cleared without loss to its customers (Fleming, Sarkar 2014: 197). After this
emergency situation (successful for CCPs), world leaders decided to implement
reforms that would require institutions to settle and clear standard OTC derivatives
through central counterparties. This led to an increase in the importance of CCPs.
But is the current state-of-play appropriate from the point of view of the safety of
financial markets?
There are two possible mechanism of clearing the transaction: novation and open offer (Sobczyński
2013: 111).
1
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The aim of the article is to critically evaluate the benefits and risks associated
with CCPs’ activities and the growing scale of their business. Based on the
assessment of CCPs’ functioning model, policy recommendations has been
proposed.
The first part of the article summarizes the legal framework for functioning of
CCPs. Second one deals with the advantages of the CCPs’ functioning in the
financial markets. The third chapter presents data related to the recent scope and
scale of central counterparties’ activity. The fourth paragraph comprises a critical
assessment of CCPs’ business – the emphasis was put on the risks they generate
under current market and regulatory framework. The last part of the article provides
a summary of the benefits and potential costs of the CCPs’ activity, conclusions and
recommendations for further policy actions.

2. Legal framework for CCP’s functioning
The functioning of CCPs is subject to the increasing number of legal provisions,
which were initiated by the G-20 policy statement favoring CCPs as fundamental
financial infrastructures (G20 2009). This declaration of the financial market reform
was then implemented by countries in the form of national legal acts. The most
crucial are Dodd-Frank Act in the USA and EMIR in the European Union (with
executives acts elaborated by the respectively U.S. Securities and Exchange
Commission and U.S. Commodity Futures Trading Commission, as well as
European Securities and Market Authority), as these are the most essential
jurisdictions for clearing financial contracts (mentioned markets clear the biggest
volume of transactions).
The legal provisions implemented with reference to the functioning of CCPs can
be principally divided into two groups:
a) Provisions regarding the conduct of core CCPs’ business – clearing,
b) Provisions regarding the organization and functioning of CCPs’ entity.
The first group of laws introduced the so-called central clearing obligation. This
embraces the requirement to clear standard OTC derivatives (the market of which
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was deemed to have significant impact on the burst-out of the financial crisis)
through CCPs and report on them to central (authorized) repositories. The list of the
centrally cleared transactions is set both by the CCPs (which decide what kind of
transactions they want to clear and for which they apply for authorization) and
regulators (which set the list of transactions that should be centrally cleared).
The second group of legal provisions envisages the rules of licensing CCPs,
their minimal capital requirements, general organization and the functioning of the
default waterfall. The latter seems to have the most significant contribution to the
perception of CCPs as potential crisis managers, as it embraces the mechanism of
sharing losses when one or a few clearing members default on their obligations
towards a CCP (and they are not able to further serve their financial liabilities). As a
general rule, clearing participants are obliged to provide CCP with appropriate
margins (collateral) and contributions to the default funds (there can be a few default
funds within one CCP – each for different class of cleared instruments). In general,
the mechanism foresees that in the case of the CCP’s member failure the collateral is
taken over by the clearing house to cover losses or the auction is being organized to
close the CCP’s open position and its costs are covered by the collateral. If margins
are insufficient, defaulter’s default fund contribution is used to cover losses. In the
next step (if margins and contribution to the default fund are scarce) the CCP’s own
capital is utilized (so called “skin-in-the-game” calculated basing on the capital
requirements rules). The last line of defense consists in the remaining part of default
fund.
The provisions implemented in the USA and EU are similar (they represent the
same idea and pursue common goals), but not identical. The most important
divergences lay in the subjective scope of the regulations (lower number of entities
excluded from central clearing obligation in the USA), different treatment of the
intra-group transactions (excluded from central clearing in the EU) and lack of pushout rules (forcing banks to transfer their swap transactions in which they are swap
dealers or security-based dealers to special purpose vehicles, as a result of the
impossibility to embrace such transactions with FDIC’s guarantees) in the EU
(Świderski 2013: 127).
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Legal binding provisions regarding the activity of CCPs is also supplemented by
the whole set of guidelines and codes of good practices prepared by e.g.
International Organization of Securities Commissions (IOSCO) or Committee on
Payments and Market Infrastructures (CPMI).
The above-mentioned legal framework for central clearing and CCPs’
functioning is assessed as wide, detailed and even casuistic. Nevertheless, the
provisions are further being changed and expanded (e.g. by the rules regarding
recovery and resolution of CCPs). Therefore, taking into consideration the enhanced
legal status of CCPs and visible growth of their importance to the functioning of the
financial markets, it is of the utmost importance to critically assess their role for the
economy and capital markets.

3. CCPs as risk minimizers
Although CCPs are not the originators of financial transactions and, in this
sense, they do not create trends in the financial markets (they only serve an auxiliary
role in transactions), they do perform a number of essential functions from the point
of view of the whole financial system.
To start with, it is important to stress that CCPs are governed by laws and
internal regulations (similar in all clearing houses) that clearly define uniform access
rules for the participation in CCPs and the clearing rules for handled assets classes.
This results in the increased standardization and transparency of the settlements –
transaction parameters that were previously agreed individually (bilaterally) for
every trade are fixed and imposed by CCP. This is particularly important for the
functioning of the OTC derivatives markets. In the studies conducted by Greenwich
Associates, issues related to the greater market transparency, better marking-tomarket and standardization were identified as key benefits of the CCPs’ functioning
in addition to the reduction of systemic risk (Greenwich Associates 2014: 4).
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Figure 2. Benefits of central clearing through CCPs (apart from systemic risk
reduction)

Source: Greenwich Associates (2015: 4).

However, most important advantages of CCPs’ activity are related to the
potential reduction of the financial risks. First of all, CCPs guarantee the settlement
and clearing of the transactions (from both parties’ point of view – initial seller and
buyer) even if the original contractor fails to meet its obligations. The counterparty’s
credit risk is therefore taken over by the clearing house that acts as a backstop. This
hinders the risk for financial institutions operating in the market (CCP as a
counterparty credit risk neutralizer), for which the only party in the transactions
might be the regulated clearing house (instead of the whole range of contractors with
diversified creditworthiness). In such a way, coordination problems are also limited.
This minimization is of the utmost importance in a crisis situation. By guaranteeing
settlement of transactions and managing the posted collateral, CCPs turn into crisis
managers (entities specialized in the crisis management) because the rules they set
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and apply to distribute losses resulting from the clearing member’s collapse enable
the smooth burden sharing. Consequently, CCPs stabilize the markets and contribute
to the reduction of their volatility (Pirrong 2011: 11).
It should also be emphasized that CCP’s activity simplifies to some extent the
relationships between various market players, as bilateral transactions with multiple
counterparties are displaced by the transactions with CCP. This, in turn, implies the
use of multilateral netting for all cleared transactions, which reduces the net
exposure of the given market participant (and hence its capital / liquidity needs to
hedge taken risks) (Rehlon, Nixon 2013: 4). Consequently, it automatically entails
the cost reduction of the CCP participant (multilateral netting implies that fewer
securities are required as collateral, as the number of cleared transactions is reduced
by as much as 90%; fewer number of transactions reduces also transaction costs). In
this way, the clearing members’ management costs can also be curtailed as they may
limit the resources that previously were devoted to monitor the financial condition of
numerous contractors – instead of one clearing house (DnB 2013: 15). Therefore,
the overall benefit of clearing transactions in CCPs is the increased market
efficiency resulting from the improved counterparty credit risk management.
Figure 3. Benefits of netting

Source: DnB (2013: 13).

As a result of listed benefits, the clearing of transactions through CCP may
result in the increase of the clearing member’s capacity to enter into further deals
(e.g. due to savings on collateral achieved through netting of exposures). This, in
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turn, boosts liquidity in the financial markets and reduces spreads between buying
and selling prices of financial instruments (DnB 2013: 15).
Possible reduction in operational risk of CCPs could also be pointed out. It can
be attained as a result of multilateral netting, as the number of settled and cleared
transactions is lower than the number of traded transactions. Combined with the
standardization effects, this reduces the risk of errors during servicing traded
securities (DnB 2013: 14).
The above-mentioned benefits of CCPs’ activity suggest that, at the level of the
whole financial system, systemic risk is reduced, at least in relation to these
financial market segments, which are engaged in trading of derivative instruments
through CCPs. This phenomenon is indicated by 40% of respondents in the study
carried out by Greenwitch Associates (Greenwitch Assiciates 2014: 3). Moreover,
DnB points out that markets using CCPs are generally safer. However, the condition
for that is safe and prudent management of the CCP (DnB 2013: 14).
All in all, the arguments and researches cited above suggest that CCPs are
engaged in providing financial market not only with enhanced effectiveness, but also
with a public good – financial stability. However, the model of delivering this good
is unusual, as CCPs are usually private entities but not public authorities (these
typically ensure the provision of public goods). This, however, may imply that due
to these features, the activity of CCPs may be associated also with threats.

4. Scale of CCPs’ activity in the world
As a consequence of the enumerated benefits of the functioning of CCPs, their
relevance for the financial markets has been increasing for several years. As
mentioned earlier, the experiences of the global financial crisis played pivotal role in
the growing popularity of CCPs2. These lessons prompted the leaders of the world
largest economies (G-20) to initiate the financial market reform consisting in
2

In particular, the considerable bearing had the turbulences triggered by the involvement of financial
institutions in trading OTC derivatives, as well as the collapse of LB and the effective management of
its derivatives positions by the central counterparty in the United Kingdom and United States, thereby
reducing the negative impact of its bankruptcy on the markets (Norman 2011: 3-6).
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obliging institutions to centrally clear all standard OTC derivatives (G-20 2009). In
the EU, this reform was implemented by constituting the so-called “central clearing
obligation” in the EMIR Regulation, which is applicable towards financial
institutions (e.g. banks, insurers, asset managers) and non-financial institutions,
whose exposure to OTC derivatives exceeds certain thresholds different for various
instruments3.
Figure 4. Nominal value of OTC derivatives traded globally (trillion US $)

S
Source: own elaboration based on the data from BIS Statistics Explorer (accessed on 25.10.2017).

Although the nominal value of traded OTC derivatives has been falling slowly
since the crisis, the volume of transactions cleared by CCPs and their share in all
cleared derivatives has increased. Since 2009, the scale of CCPs operations has
almost doubled (European Commission 2017: 2). According to the European
Commission’s estimates, the value of transactions cleared by CCPs in Europe has
already exceeded the equivalent of 15 times EU GDP (European Commission 2016:
1). According to the Bank for International Settlements, the value of OTC
derivatives cleared by CCPs in the world amounted to approximately $337 trillion at
For credit derivatives – EUR 1 billion, equity derivatives – EUR 1 billion, interest rate derivatives –
EUR 3 billion, currency derivatives – EUR 3 billion and commodity derivatives – EUR 3 billion. These
limits apply to speculative transactions. Risk hedging transactions are not subject to central clearing
(www 1).
3

95

Magdalena Maria KOZIŃSKA
the end of June 2016 ($328 trillion in interest-rate derivatives) and accounted for
about 62% of all derivatives (European Commission 2017: 2). From the EU
perspective, CCP in the UK accounts for about 75% of the euro-denominated
interest rate derivatives (European Commission 2017: 2) and is crucial clearing
house for most EU institutions which clear there their derivative transactions
directly or indirectly.
Figure 5. Share of the CCP cleared transactions in the overall number of
cleared derivatives transactions

Source: European Commission (2016: 5).

Meanwhile, the number of clearing members in the CCPs is growing slowly –
their main clients remain the largest financial institutions. Therefore, exposures to
CCPs are concentrated in a narrow group of around 20 large institutions, which
contribute to around 75% of all CCPs’ financial resources (i.e. initial margin and
default fund) (BIS, FSB, OICU-IOSCO 2017: 2). The analysis of interconnections
between CCPs and clearing members indicates that a few “major” CCPs are being
formed (in which the largest financial institutions clear their transactions). The rest
of CCPs creates a group of “peripheral” clearing houses with a greater number of
less-connected members. At the same time, the largest financial institutions are
usually also providers of various services to CCPs (such as credit lines, custody
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services, cash management) (BIS, FSB, OICU-IOSCO 2017: 2) or even their
owners. This results in the creation of a negative feedback loop between (in
particular) “major” CCPs and the largest financial institutions in the world, which
increases the risk that during market turbulences the problems of CCPs or their
clients will require public bailout.
Figure 6. Number of clearing members in European CCPs

Source: own elaboration based on the data from ECB Statistical Data Warehouse (CCP – Central
Counterparty Clearing Statistics).

Beyond growing number of CCPs’ clearing members, it is also expected that the
number of entities that will clear their transactions indirectly through CCPs (being
clients of CCP clearing members) will gradually inflate. On the one hand, it results
from the introduction of a central clearing obligation. On the other hand, it is an
implication of the necessity to meet a dozen of requirements to become a direct
member of CCP. The accession procedure is also quite time-consuming (www 3).
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Figure 7. Stylized structure of CCPs’ interconnectedness

Clearing
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provider of
services

CC
P

Clearing
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Source: own elaboration.

The above-mentioned figures confirm the growing importance of CCPs in the
stable functioning of financial markets. Due to the introduction of central clearing
obligation, CCPs are becoming increasingly popular not only among the largest
players in the financial markets, but also among smaller ones (indirectly). However,
forced regulation and freely structured use of central clearing services (directly or
indirectly) may lead to unexpected consequences (e.g. a real shift of CCPs’
functions to their clearing members – who are not subject to regulations regarding
the conduct of CCP business – due to the lack of direct access to CCPs’ services by
smaller entities).

5. Critical evaluation of the CCP’s activity – areas of potential risks
The launch of the central clearing obligation was accompanied by the
endorsement of the benefits that financial markets can derive from the activities of
CCPs. As a result of the actions taken and the regulations implemented, the
importance of such entities has increased, as evidenced by the data cited above.
Nevertheless, the activity of CCPs is also associated with multiple risks.
Firstly, the regulatory reform associated with CCPs’ business changes the
structure of financial market, as growing standardization in all segments (especially
OTC market) is observed. In such an environment, the diversity of instruments is
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being reduced. This is limiting the institutions opportunities to manage their risk and
is tunneling them to one of standardized areas of financial markets. Increasing
number of institutions being assigned to one of such areas makes the whole system
vulnerable to shocks, as the diversification benefits disappear.
Secondly, by performing the functions enumerated in the preceding paragraphs,
CCPs take over the credit risk of entities that clear transactions in the clearing house.
As a consequence, although from the individual market participants’ perspective
credit risk is reduced, it is nevertheless concentrated in CCPs. As a result, their
activity does not diminish the credit risk in the system, but only shifts it to them
contributing to the rise in their systemic risk. Consequently, CCPs set of tasks
should be enlarged with systemic risk management. However, they currently do not
have any appropriate instruments and expertise in this field. Moreover, CCPs do
currently seem to be itself perceived as macroprudential quasi-tool. Thus, visible
conflict of tasks and roles arises.
Additionally, it should be emphasized that the participation of clearing members
in a given CCP is not automatic. Entities must be accepted by CCP as clearing
participants based on the assessment criteria elaborated by CCPs themselves.
However, the latter are not professionals (unlike banks) in the management of credit
risk, so there is a danger that they will not be able to properly assess the credit risk
of potential clients and diversify them. In such a way an asymmetry arises – clearing
participants reduce their exposure to credit risk when clearing in CCPs but the latter
not necessarily. It should also be added that the participation requirements are
similar in all CCPs. This leads to the situation that direct clients of CCPs are
institutions with analogues risk profiles, which favors further concentration of risk
(lack of diversification effects). This effect is escalated by the increased interest of
market participants in CCP services and makes the crisis management mechanisms
of the CCP increasingly important.
Furthermore, as a consequence of introduction of central clearing obligation and
limited possibilities for some obliged entities to clear in CCPs (participation
requirements), the concentration of risk increases not only in CCPs, but also in the
largest financial institutions through which the transactions of non-direct CCP
customers are settled (DnB 2013: 23). Thus, although there is a break in the
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interdependence resulting from the bilateral settlement of transactions between
institutions, new relationships arise because of the implementation of the central
clearing obligation making CCPs “single points of failure”. These dependencies,
however, are the next channels through which the losses can spread during the crisis.
These losses may result not only from the bankruptcy of the clearing member but
also from the financial problems of the CCP itself. Although some existing studies
indicate on the low risk of contagion (Heath et al. 2015: 35-42), it is worth noting
that due to legislative changes, the scale of CCP activity has increased dramatically
and in practice their resistance in the new regulatory environment has not been
tested. Therefore, it is difficult to assess the actual level of risk.
It is worth adding that many CCP’s participants are also providers of services
necessary for its continuous operation (BIS, FSB, OICU-IOSCO 2017: 2). The
reason for that is that CCPs often do not have (due to legal restrictions) accounts in
such financial safety net institutions such as central banks. Consequently, in order to
be able to provide their services they are forced to utilize such facilities through
other institutions (usually their clients). This creates a dangerous risk of feedback
loop between CCP and its customer-service providers, as the problems (also
technical, operational) of the latter can easily spread to the former. The paralysis of
the functioning of CCP, however, implies the dysfunction of whole segments of the
financial markets. Therefore, it seems that the institutional architecture for central
clearing obligation should be expanded. The increased role of CCPs on financial
markets should be associated with the enhanced safety mechanisms dedicated for
CCPs. As an example, the provision of liquidity could be pointed.
By settling and clearing transactions on a daily basis, CCPs take over also a
valuation risk since they determine the current value of the instruments, the amount
of margins and credit exposures of the clearing members according to the market
prices and their own valuation models. It is worth pointing out, at the same time, that
most transactions are settled by a limited number of CCPs that have similar
valuation and margin calculation models, which exposes the financial markets to the
intensified effects of risk materialization (in case of the certain risk materialization,
the effects appear simultaneously in several clearing houses, as almost all of them
are exposed to the similar customer profiles and models). It should be stressed that
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the risk lies also in the dependence on the historical data. Additionally, it should be
pointed out that due to regulatory favoring of CCPs, their popularity may grow also
in those classes of instruments that are currently not subject to mandatory clearing.
This will probably be highly-complicated financial contracts (also higly-risky), in
valuation of which CCPs will not have appropriate expertise. The asymmetry of
information may be crucial here, as contract originators may be the only parties that
are aware of genuine risk profile of the transaction. This exposes CCPs to the
financial risk that may have to be borne by other clearing members in case of CCPs’
financial problems (contagion effect).
The mechanism that partially secures the materialization of financial risk is
system of collecting margins and contributions to the default fund. However, the
financial means received by the CCP must be managed safely. Therefore, they are
frequently invested in “safe and liquid assets”. It should be noted that due to the
whole range of regulatory reforms, many institutions (in order to fulfill new
requirements) are forced to maintain its funds in the form of “safe and liquid assets”
(e.g. deposit guarantee funds, resolution funds, banks and their liquid reserve to
fulfill LCR requirements). As a result, the demand for such assets is increasing. Two
consequences of such a trend may be indicated. First, the growing demand for “safe
and liquid assets” will influence their pricing mechanism (probably inflating their
prices which will no longer represent their real value; potential for bubble creation
may also be indicated). Second, when searching for appropriate assets (and in the
face of the lack of real “safe and liquid assets”), CCPs may purchase new more risky
instruments, which will be evaluated as safe and liquid.
Moreover, the system of collecting margins may be a further mechanism that
exacerbates the problems of CCPs’ participants during a crisis, as it has pro-cyclical
character and may entail the so-called cliff effect (Hermans et al. 2013: 10). CCPs
increase the amount of margins charged (and increase the amount of haircuts used in
relation to pledged securities) precisely at the time of increased market volatility (in
particular, margins are increased during the falls in the market) 4. This means that

4

As an example, the actions of LCH RepoClear could be pointed out. They consisted in raising
margins on Irish bonds during the Irish crisis and thus causing difficulties for its participants (Pirrong
2011: 12). Another example is the increase in deposits resulting from increased market volatility
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clearing members need to provide additional collateral in the situation of probably
reduced liquidity in the markets (this implies problems with raising funds and, for
the whole market, deepens the liquidity problems). As a result, the credit exposure
of the counterparty to the CCP increases when its creditworthiness deteriorates,
which is referred to in the literature as a “wrong-way risk” problem (Hermans et al.
2013: 11).
Figure 8. Procyclicality of margin calls

Source: own elaboration.

In case of large clearing members’ bankruptcies, the need to sell the securities
accepted as a margin from the liquidated institution may contribute to further price
decrease. In view of the above-mentioned facts, the most important type of risk for
CCPs seems to be the liquidity risk (when the CCP needs to restore the balanced
accounts) and the counterparty credit risk (materializing when the participants are
unable to fulfill their obligations). Additionally, CCPs must face a number of other
specific risks, such as legal, business, investment, money settlement and operational
one. The materialization of the identified dangers (in case of both default and nondefault events) may be particularly dangerous if the financial resources of the CCP

following the announcement of the results of the referendum in the United Kingdom, which favored the
exit from the European Union (www 2).
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are exhausted and will need to be replenished by the participants or shareholders.
This will contribute to the enhanced tensions on the market.
One should also emphasize that, as a result of CCPs’ credit risk takeover, central
clearing obligation can exacerbate the problem of moral hazard. This may occur by
running the increased risk (e.g. through higher exposure to risky derivatives) by
CCP’s participants that are aware that the counterparty’s credit risk is taken over by
the clearing house. In case of the collapse of the opposite side of the original
transaction, its consequences will be borne by CCP or all its members (and not only
by the entity that entered into a transaction with failing institution). In addition, if a
CCP participant bankrupts, its losses are limited to the posted collateral (Greenwich
Associates 2014: 5). Furthermore, CCPs may also be prone to the risk of negative
selection as they may not have full information about the level of risk associated
with the cleared complex financial instruments (as opposed to the originator). This
may incentivize participants to conclude more transactions of this kind, as the
potential risk is transferred to the CCP.

6. Conclusion
In the financial markets, CCP’s business is treated as an innovation that aims to
reduce the risk on the OTC derivatives market. Although such entities have been
operating in the economy for a long time, only the lessons from the recent financial
crisis and the regulations introduced afterwards have led to a significant increase in
their importance for the markets.
It is noteworthy that as a result of post-crisis regulatory changes, the dependence
of financial markets on CCPs is rising steadily (share of transactions cleared by
CCPs is constantly growing). At the same time, the group of such entities is not
wide (only 17 authorized CCPs in EU), and their activity is quite specific. This
poses a threat that, in case of CCPs’ crisis, its services in a given area may be
difficult to substitute (no alternative entities, relatively long period of joining the
new CCP). This may result in a sudden termination of the transactions (for a longer
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period of time), which in turn will cause paralysis of the financial institutions that
have used the services of a problematic CCP.
At the same time, the activity of CCPs, while providing many benefits, also
entails many other risks. They are summarized in the table below.
Table 1. Benefits and costs of clearing in CCP
Benefits of clearing in CCPs

Costs of clearing in CCPs

Risk reduction due to:
- Multilateral netting
- Improved risk management
practices
- Firewall function (results from the
default waterfall)

Risk concentration as:
- Counterparty risk of each clearing
member is shifted towards CCP
As a result systemic risk increases. Default
of CCP may result in credit and liquidity
shortages of clearing participants and linked
CCP and causing contagion to other
markets.

Operational efficiencies because of:
- Reduced amount of settlement
instructions,
- Straightforward processing

Costs of participation consisting of:
- Costs of collateral for margins and
default funds
- Membership fee
- Operational costs

Trading benefits resulting from:
- Anonymity
- Increased liquidity and reduced
spreads

Economic costs of potential freeze of the
market if CCP fails
Procyclicality of margins

Transparency
Source: own elaboration based on Wendt (2015: 5).

Weighing up the pros and cons of CCPs, one can talk about the existence of a
CCP paradox5. On the one hand, they reduce the risk associated with the clearing of
the transactions, especially derivatives, because they guarantee their settlement. On
the other hand, the takeover of the counterparty credit risk and the increase in the
scale of cleared transactions mean that CCPs are becoming systemically important
institutions. Given that the main players in CCPs are also systemically important
institutions, these entities are both exposed and vulnerable to systemic risk. The
main channels that strengthen the systemic risk of CCPs are connections with both
5

It is also indicated by P. Norman (Norman 2011: 5).
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participants (by providing central clearing services) and other contractors (who
technically support CCPs). In addition, all CCPs operate according to similar
strategies and based on very similar operating rules (e.g. regarding the permission to
centrally clear in a given CCP, default waterfall etc.) and exposures to comparable
asset classes. Therefore, the materialization of risks in one CCP is highly likely to
spur the problem of another CCP.
Therefore, the analysis leads to the conclusion that CCPs are not risk
minimizers. They are rather risk redistributors or risk managers, and that is the issue
that constitutes the positive aspect of CCPs’ provision of services on the financial
markets.
Policy recommendations
CCPs have certainly become systemically important institutions. The stability of
the entire financial system depends on their proper functioning, as due to the scale of
the handled transactions and the linkages between CCPs and other entities, their
problems can easily spread to clearing participants (who are usually also
systemically important). As a result, the “too big to fail” (or “too important to fail”)
doctrine should be extended also on central counterparties. This is justified by their
following features:
– The volume of cleared transactions is usually high, sometimes exceeding the GDP
of the country in which they are registered.
– Their activities are international.
– Their bankruptcy exposes financial stability to the negative consequences.
– There is a risk of necessity to use public funds to save the institution in case of any
problems.
For the reasons elaborated above, CCPs should be embraced by the legal
framework analogous to the one applicable towards “too big to fail” institutions
(adjusted to their specificities). It is therefore important to provide reliable
mechanisms to stabilize the situation of CCPs in the event of failure. The basic
example of this are the CCPs’ default waterfalls using the CCP’s “defense lines”.
Nevertheless, capital requirements as one of them should be enhanced, so that
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CCP’s shareholders provide real backstop for CCP’s turmoil. Furthermore, the
resolution framework should also be considered.
Another recommendation that could be derived from analysis of CCPs’ activity
is to reframe their role in terms of running macroprudential policy. CCPs are seen as
entities that reduce systemic risk, as they reduce the interdependencies between
financial market participants. Nevertheless, the analysis provided in the article
indicates that CCPs are accumulating systemic risk, therefore the interest of
macroprudential policy should be shifted from banks to CCPs. Also, the set of
macroprudential tools should be appropriately remodeled in order to include more
CCPs specific tools (currently, macroprudential tools are concentrated on bank
capital requirements and other parameters characteristic for bank business).
Last but not least, as the importance of proper functioning of CCPs for financial
markets has increased, financial safety net mechanisms should also be properly
reshaped in order to accommodate expanded role of CCPs. As an example, the
provision of liquidity instruments for CCPs should be considered.
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1. Introduction
In considering the factors which enable today’s organizations to survive on the
market and win competitive advantage in a turbulent business environment, it is
hard not to notice that in vast majority these are non-material factors. The
cornerstone of an organization are its employees who, through their knowledge,
skills and ongoing improvement, as well as their engagement in performing their
duties, contribute to the greatest extent to the firm’s growth, building its success and
competitive advantage in the broad sense of these terms. Nowadays, it is
increasingly more often that one talks about an employee’s market, in particular
when individuals are sought whose competences match precisely the needs of a
firm. This is why the concepts are becoming ever more popular which foster the
development of employees’ potential, take into account the needs of knowledge
employees, talent management, employer branding or personnel marketing.
In a rapidly changing world, organizations must adjust their operations very
quickly to advancing technologies and ever more individualized preferences of
consumers, which is why they look for enduring values ensuring stability while
helping make decisions in accordance with the organization’s philosophy of
operations and strategy. Values are predominantly present in organizational culture;
in the relationships among people; in the systems of values and systems of ethics
generally accepted by the members of an organization (Bugdol 2006:10). In the
context of this paper, what appears necessary is to define the concept of key values
more precisely and to place them among other values which operate in
organizations. While a vision is a particular image of what the firm should be like in
the future, with its mission and goals indicating the reason for the firm’s existence,
organizational values, and in particular those of key importance, are valuable
pointers towards success. It is through these values that executive staff and
employees know how to go about things, how to run business and how to shape the
organization in order to move it a step closer towards accomplishment of its mission
(Hill, Jones 2012: 32).
The aim of this paper is to indicate the ways of adjusting employee management
process to core organizational values. The analysis was conducted based on the
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literature review, and taking into account the results of the research carried out in
Polish organizations by a team of researchers from Warsaw and Cracow over the
period of 2012-2104 (Herman et al. 2016: 9).

2. Organizational values
For many years now organizational values have been the focus of scholars from
a variety of fields such as psychology, sociology or management science. While
placing the discussion in management sciences one should mention the two major
mutually complementary strands of research which take into account the role of
values in organization: the studies on organizational culture, where values operate as
one of its elements, and the concept of management by values which concentrates
around the management process determined by a set of core values recognized in
organization as the most important ones.
According to Hofstede, values, understood as tendencies to make a specific
choice, are the core of culture. As they begin to shape already in the early childhood,
changing them is very difficult and requires a long lasting process. People are often
not conscious of these values with the only way of reading them being an analysis of
how employees behave in specific situations (Hofstede 2000: 44; Adedeji et al.
2017:86). It should, however, be noted that Hoftstede talks here about national
culture, because for the organizational culture its core lies in “shared perceptions of
daily practices” (Hofstede 2000: 268-270). E. Schein, on the other hand, draws
attention to the fact that not all values that operate in organization can be perceived as
corporate values. They only gain in importance when employees begin to see them as
being helpful in solving problems encountered in the organization and so they are
commonly applied in employees’ operations, since employees recognized the values
as effective based on the positive experiences which they have shared in their own
common reality (Schein 2009: 28). In this sense, not all the values circulating in the
organization are equally valuable for the organization’s functioning. Every person
employed in the firm brings with himself his individual hierarchy of values, yet not
every such value is important from the perspective of the operations of the entire
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organization. In order for the values to be recognized as organizational values they
need to meet the following conditions: they have to exert impact on all the cells of
the organization, and not merely on certain departments or branch offices; they must
be linked to the organization’s success; they must be controlled by somebody or
something (specific indicators); they have to be measurable; and all entities engaged
in the organization must aspire to those values (Alas et al. 2006: 271). Only such
values can form a foundation on which to build organization’s strong culture and to
implement management by values.

3. The concept of management by values
Considering the diversity of values present in an organization and their key
relevance for the firm’s stability, one should stress the importance of managing
appropriately this extraordinary factor which exerts impact on whether or not one is
successful on the market. Employing the concept of management by values requires
a holistic approach to the organization and the processes unfolding within it. For in
combining management philosophy with practice, this concept contributes to
humanizing management in that it incorporates shared values in all aspects of the
organization’s operations, while, on the other hand, it focuses on practicing these
values and aligning them with the mission and vision of a particular enterprise
(Lachowski 2012: 230). According to K. Blanchard and M. O’Connor, this is a
business practice which motivates clients to keep on returning to the organization
and inspires employees to strive for improvement on a daily basis. Management by
values makes it possible for the owners to be proud of their organization and still
make money, while also encouraging important stakeholders to foster business
relationships with a specific firm (Blanchard, O’Connor 2003: 25).
Agata Stachowicz-Stanusch emphasizes the process-like nature of this concept
and defines management by values as a “process of transferring core values of
organization from the generation of those managing the organization onto the next
generation by taking over the responsibilities arising from these values and by
protecting them in the name and to the benefit of the organization and its
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participants through institutionalization of these core values” (Stachowicz-Stanusch
2007: 38). This definition suggests that there are so called core values which
underlie the functioning of the organization. They are conceived of as a specific
group of “publicly expressed values or concepts which are believed in by the
majority of members of a particular organization and which are regarded as the most
central and important for the organization’s permanence and growth” (StachowiczStanusch 2004: 40). As a part of national heritage, which the organization’s
members transfer from generation to generation, the core values shape the firm’s
identity and determine the way it operates (Stachowicz-Stanusch 2007: 14). It
should, however, be stressed that there is not a single ideal set of core values that
could ensure market success of every organization. This set, which is some sort of
organizational canon of values, must be tightly fitted to the firm’s needs, must be
shared and accepted by all employees and reflected in their daily practices
(Lachowski 2012: 233-234).
The sets illustrating key values in contemporary organizations are presented in
Table 1. In comparing them one begins to realize the fact that firms define their
fundamental principles completely differently. Some organizations give single
nouns to depict their values, while others present them using a more descriptive
way. It should be further highlighted that even the name itself can harbor different
definitions and ways of understanding organizational values, and they will
ultimately determine completely different decisions and behaviors. Taking a closer
look at the value “integrity” shows that the Kellog company defines it as follows:
“We Act With Integrity and Show Respect.” For the Coca-Cola Company, on the
other hand, “integrity” implies simply “be real,” while in the company Mosty Łódź
S.A. “integrity and reliability” means nothing more but task implementation,
fulfilling one’s responsibilities and avoidance of purposeful faults. This example
demonstrates that it is not possible to create a universal list of actions across
different elements of the personnel function, for they will result directly from the
definition of a specific value and the firm-specific way in which this value is
realized through organizational practices.

115

Agnieszka MAREK
Table 1. Illustrations of the key value sets
Company
Kellogg

Key values
integrity, accountability, passion, humility, simplicity, results

The Coca-Cola
company

leadership, collaboration, integrity, accountability, passion,
diversity, quality

Wolters Kluwer

Focus on customer success; Make it better; Aim high and deliver;
Win as a team

The Adecco Group

passion, entrepreneurship, responsibility, team spirit, customer
focus

BP

Safety, respect, excellence, courage, one team,

Mariott

We put people first; we pursue excellence; we embrace change; we
act with integrity; we serve our world

Ceresit

Innovation; Quality; Technical knowledge; Sustainable
development

Mosty Łódź S.A.

Honesty; integrity and reliability; safety; compliance with the law;
compliance with social standards; compliance with environmental
standards.

KGHM Polska
Miedź
PKN Orlen

Zero harm, teamwork, results-driven, accountability, courage
Responsibility, Progress, People, Energy, and Dependability

Source: http://www.kelloggcompany.com/en_US/our-values.html; http://www.cocacolacompany.com/our-company/mission-vision-values; http://wolterskluwer.com/company/aboutus/company-values.html; http://www.adeccogroup.com/our-company/core-values/;
http://www.bp.com/en/global/corporate/about-bp/people-and-values/our-values.html;
http://www.marriott.com/culture-and-values/core-values.mi; http://www.ceresit.pl/pl/about-ceresit/ourkey-values.html; http://www.mosty-lodz.pl/pl/kluczowe-wartosci.html;
http://www.orleneko.pl/PL/ofirmie/KulturaKorporacyjna/Documents/Kodeks_Etyczny_Eko.pdf;
http://kghm.com/en/sustainable-development/strategic-approach/values;

In moving on to the process itself of managing by values, one ought to assert
that scholars identify different stages of its implementation. Table 2 includes the
comparison of how management by values unfolds according to the approaches
presented in literature. Stachowicz-Stanusch distinguishes four stages of the process
of management by values starting with the discovery of the core values, their
development, institutionalization to their redefinition (Stachowicz-Stanusch 2007:
39-41). Within the institutionalization stage, the author identifies the protection of
the core values, which consists in taking actions supporting their development at
every stage of the process involving employee management. Blanchard and
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O’Connor, on the other hand, propose to start the MBV by explaining the mission
and values, then by proceeding to communicating the mission and values to
employees, and then to adjusting organizational practices to the mission and key
values (Blanchard, O’Connor 2003: 39). In light of the subject of this paper, one
should cite the stages of value development in organization according to A.
Argandoñy, as they make the process slightly more specific. Argandoñy believes
that the process should begin by identifying the already existing values, and only
then one should move on to identify the preferred values. The third stage involves
communication, institutionalization of values and employees’ commitment, which is
then followed by adjusting organizational practices to the values. Argandoñy notes
that during the subsequent phase it is necessary to align the human resources policy
to the core values, while the final stage is comprised of the revision of the
management by values process (Argandoña 2003: 21).
Table 2. Management by values
Stachowicz-Stanusch A.

Blanchard, O’Connor

Argandoña A.

1.
2.

1.

1.

3.

4.

discovering core vales
development of core
values
-description of core
values
- definitions of behaviors
-formulating the
declaration of core
values
-communicating core
values
institutionalization of
core values
-core value
implementation
-core value protection
- core value control
redefinition of core
values

2.

explaining mission and
values
communicating mission
and values to
employees
adjusting organizational
practices to mission and
key values

2.
3.

4.
5.

identification of
existing values
identification of desired
values
communicating and
institutionalizing values
and employees’
engagement
adjusting organizational
practices to core values
revision of the process
of management by
values

Source: Stachowicz-Stanusch 2007: 39-41; Blanchard, O’Connor 2003: 39; Argandoña 2003: 21.
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Blanchard and O’Connor emphasize that what is crucial for successful
management by values are organization’s employees (Blanchard, O’Connor 2003:
32). This assertion is reflected in each approach to the MBV outlined above, since it
is people who are carriers, promoters and propagators of values. If the management
staff does not evince specific behaviors, the implementation of the key values is not
possible, while lacking the employees’ acceptance, the organization has no chances
of sustaining and transferring these values to next generations, which is what makes
them endure.

4. Aligning HR policy with core organizational values
Employees of an organization play a crucial role at each stage of the
management by values process. Every employee can and should make his own
contribution to the identification of the most important values by indicating what he
believes is crucial for the firm. Naturally, not all the principles mentioned can find
their way to the list with key values underpinning operations of a firm, and yet
without this preliminary gathering of information given by different employees,
discovering those values would be difficult. After all, this is the employees who talk
to one another about what is the most important for their firm, being the link
between the organization and the environment, and by inference, potential clients,
partner or the local community. This is why it is so important that employees
understand the definitions of the key values precisely, accept them along with their
consequences in terms of making decisions and taking up actions in specific
situations. To this end, tools are created aimed at supporting the MBV in
organization with the core values taken into account when constructing the
individual elements of the HR policy.
Each of the approaches to the MBV process presented above has the stage of
aligning organizational practices with core values, with Stachowicz-Stanusch
mentioning this aspect while discussing the stage of institutionalization of those
values, while Argandoña emphasizes the need of adjusting them to the HR policy.
For Blanchard and O’Connor, on the other hand, the stage which ensures coherence
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of daily practices with key values is one that is most expanded, since it distinguishes
individual, team and organizational practices (Blanchard, O’Connor 2003: 134).
While looking for ways of aligning HR policy with key organizational values
the conclusion to be made is that the values are here an independent variable, being
something primal in relation to the form of the individual elements of employee
management. The shape of the individual processes making up the personnel
function is, on the one hand, determined by the conditions on the labor market, and,
on the other hand, by organizational internal regulations. Thus, adjusting this
process requires, on the one hand, general arrangements which would define how
the key values can impact the HR elements, while on the other hand, once a specific
set of values has been established, it is possible to develop the individual elements
of the personnel function in such a way as to allow their implementation to foster the
application of core organizational values.
The further section of the paper presents selected issues pertaining to the process
of adjusting employee management practices to key organizational values.
Stachowicz-Stanusch refers to the components of personnel function at the stage
involving the institutionalization of the core values, which encompasses, among
other things, aligning every operation of an organization with these values. The
author stresses that what is needed is to hire employees displaying “the necessary
personal characteristics and basic abilities allowing for the implementation of the
core values,” in other words, the candidate’s cultural compliance with the
organization’s core values (Stachowicz-Stanusch 2007: 125). Devising recruitment
procedures that would be coherent with the key values is undeniably a task that is
time consuming and demanding, but it will pay dividends in the future, since an
effective employee recruitment leads to savings in time and money which would
otherwise be needed to carry out new recruitments following the departure of an
employee who turned out to be a wrong hire. Ineffective recruitment may be
particularly costly for small and medium-sized businesses, where “resources are
limited, with every recruitment mistake affecting the productivity of the entire firm”.
Moreover, considering the fact that shaping attitudes among employees which are
consistent with the values espoused in the firm is a long process, it is better to hire,
if possible, persons who respect values which are consistent with the organizational
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values (Lachowski 2012: 290). Not only will this allow an employee to adapt more
quickly, but it will also reduce the training costs. While designing a recruitment
system what is crucial is to ensure that all candidates have a comparable opportunity
of presenting their abilities, thereby allowing one to really see whether a particular
candidate is suitable in terms of the firm’s key values. It should be emphasized that
the role of the recruitment system that is based on values grows in direct proportion
to a sought-after employee’s participation in the implementation of the
organization’s strategy (Dolan et al. 2006: 188).
The research conducted by Herman et al. showed that “most people who are
involved in staff recruitment and selection focus on values, but only 23% of them
believe that their organization has an adequate methodology” (Herman et al. 2016:
101). That values are taken into account in the recruitment and selection process was
confirmed by 94% of respondents, with 40.6% being those who reported having
neither suitable tools nor procedures which could allow them to diagnose and
compare candidates in terms of values on a routine basis. For 29.9% or respondents,
satisfactory operationalization of values became a fact with respect to certain job
positions and occupational groups (Herman et al. 2016: 102-103). The findings of
the empirical studies confirm that in the recruitment process the values of candidates
applying for individual jobs are of importance, while showing the need for
developing adequate tools to be used in firms for comparing candidates as regards
values.
For the implementation of the core values, what makes one of the most
important stages in the employee management process is training, including initial
training, just after starting the job, and the training that comes at a later stage of
one’s employment. Creating a training program designed to support management by
values should be preceded by answering two basic questions: what new beliefs
employees should learn and what beliefs they should abandon in order to foster and
develop each of the organization’s key values? What abilities and knowledge should
employees have so as to be able to develop in themselves patterns of behaviors
which are consistent with the organizational values? (Dolan et al. 2006: 190).
If an organization is just beginning to implement management by values, it has
to devise a definition for each core value, and then a particular value-related
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standards which employees have to learn to respect. In this case training is aimed at
teaching employees in such a way as to make them understand those values, and
further on, to equip them with possibilities that would allow them to realize those
values in practice (Stanusch 2007: 125). Merely communicating the values and the
standards which define them may prove to be insufficient for those values to be
realized in firm’s everyday practices.
While offering employees a cohesive training system one should also bear in
mind the attractiveness and effectiveness of the different forms aimed at one’s
improvement. Instead of lectures, it might be better to suggest meetings with other
employees with a view to share experiences, to create a good practice data base,
where proven solutions to problems from the past would be described, or also to
organize meetings once a project has been completed in order to discuss mistakes
encountered at different stages of the project. It is quite often that employees
emphasize that what counts the most for them in the context of learning are meetings
aimed at sharing experience with people who encounter on a daily basis problems
which are similar to those emerging at work. It is therefore worth making sure that
employees have adequate conditions for sharing knowledge, and that such elements
as on the job training, cooperation and coaching, as well as mentoring programs are
supported.
Motivation is yet another element of employee management in an organization.
People take up work to satisfy their diverse needs, from the need for living
conditions, relationships with other people to self-actualization and growth.
Considering that academic literature differentiates between external and internal
motivation, the motivations behind taking up a job cannot be reduced merely to the
expectations in terms of financial gain, since what should also be noticed are the
dignity-based motivations which are related to employee’s subjectivity and the
importance of the employee’s individual values being consistent with the
organizational values. What is also highlighted in literature is the need to create a
motivating work environment adjusted to the individual needs of employees (Barrett
2014: 35-36). Referring to Herzberg’s two-factor theory of motivation, remuneration
for work is placed in the group of hygiene factors which do not make job
satisfaction grow, although when those factors are not present the employee’s
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productivity falls and he gets dissatisfied with his work conditions. One should
therefore keep in mind that non-material motivating factors can fulfill their role if
the employee is decently rewarded. One comes across the fundamental principle of
rewarding one for a gainful employment in the Holy Scripture which says, “Worthy
is the laborer of his pay” (Vol. 5, 18). The specific terms and conditions of
employees’ remuneration are governed by the relevant provisions of law, and first
and foremost, by the contract of employment concluded with an employer.
While the financial terms are often what determines whether or not people take
up a specific job, over the course of doing this job the motivators which gain in
importance are those associated with receiving recognition from other fellow
workers, with a sense of co-owning the firm or with the possibilities in terms of
professional growth. With financial incentives being adequately secured, people
search for something else that could provide them with the basis for their actions,
something that would afford them joy and satisfaction engendered by accomplishing
their goals. Key organizational values are just this element, as they are a benchmark
by which one makes decisions, resolves conflicts and creates value for clients.
According to A. Blikle, working for values brings about inner satisfaction with
people wishing to repeat the action they embarked on, whereas being driven by
financial gain comes in a situation when this aspect is clearly absent, yet once it has
been satisfied, it no longer works as a motivator. Blikle also draws attention to
dignity-based discord which emerges with abandoning one’s values for financial
gain. When this occurs, people are reluctant to repeat their actions, for it involves an
inner sense of punishment and dissatisfaction (Blikle 2016: 73). In a situation when
this discord between employer’s demands and employee’s values and moral
principles keeps on recurring, it happens that the employee no longer condones
using unethical solutions and resigns.
The management by values process should be supported by adequately
constructed motivational systems which foster the behaviors which respect key
values, while containing actions that contradict those principles. The questions that
remain open are those concerned with the extent to which the traditional
motivational schemes linked to work results are suitable to the needs of today’s
employees, how these schemes work in organizations driven by values and how
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strong, in such organizations, is the influence of values on employees’ motivation
and actions. The findings of the research mentioned earlier show that among the
managers and specialists from the firms examined the prevalent belief is that when
rewarding employees values are taken into account only sporadically and in
exceptional cases (34.6% of respondents). It should, however, be stressed that 24.8%
of respondents confirmed that values were considered when rewarding employees
through a reward and punishment scheme. Sometimes, an increase in a basic salary
was attributed to behaving in accordance with organizational values. Respondents
also reported quite frequent (19.1%) and sporadic links (45.9%) between promoting
values and non-material distinctions. The scheme-based relationship between values
and non-material motivation was reported by 5.9 respondents, while 29.1% of the
surveyed did not see such relationships in their organization (Herman et al. 2016:
110-115).
A tool supporting the implementation of management by values as well as
allowing for its monitoring may be periodic employee appraisal scheme, provided it
takes into account the criteria related to the key values being respected at every work
position. On the one hand, a superior will receive information about the extent to
which these values have been implemented by his employees, and on the other hand,
during the appraisal meeting, he will be able to pay attention to behaviors aligned
with the principles governing the firm and to indicate those ways of behavior which
are against the philosophy adopted. Thus, the scheme of periodic appraisal will
allow for the achievement of the corrective objective (discovering errors so as to be
able to avoid them in the future), the stabilizing objective (encourage an employee to
repeat the desired behaviors) and the development objective (to show the employee
the superior’s expectations that are to be met as they determine the employee’s
development) (Ludwiczyński 2006: 279-280).
In the practice of the firms examined, 52.7% of respondents declared taking into
account values while appraising employees; however, only 11.1% of responses
pertains to the majority of professional groups or the majority of employees. In the
employee appraisal, 13.3% of respondents applies the value criterion in relation to
selected professional groups, with 28.3% of respondents applying this practice in
individual and exceptional cases. A large number of managers and specialists from
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the organizations participating in the study (41.8%) said that they did not consider
values while appraising employees, focusing only on their skills and work
performance (Herman et al. 2016: 104-105).

5. Conclusion
In summing up the above discussion, the conclusion to be made is that given
their functioning in a constantly changing environment, employees need a solid
foundation in their organization which will assist them in making specific decisions
and taking specific actions. What makes such a pillar are the key values. One of the
elements of their institutionalization is aligning them with organizational practices in
every aspect of the operations of the firm. Since people come to an organization
already with their own values, and then realize organizational values, the
employees’ values should be considered while constructing the HR policy. As the
analysis of the literature shows, the issue surrounding the adjustment of individual
components of employee management process to organizational values is not an
area that has been extensively explored. The research conducted by a team from
Warsaw Universities and the Jagiellonian University of Cracow allows one to
conclude that this phenomenon exists in Polish firms, with many managers seeing
the need of taking into account values, predominantly during the process of
employee selection. They argue that it is necessary to introduce tools which will
allow for operationalization of different values and for comparing people applying
for a specific job in terms of how well they match organizational values. The subject
of organizational values also comes up in the process of motivating and rewarding
employees; however, considering values in those aspects has not been a common
development yet, just like the management by values itself. Whether this concept
has been gaining in importance or whether it was just a passing trend in management
can only be revealed by similar research conducted in a few years’ time. The
changes unfolding in the modern world, however, suggest that there is a need to
build firms which are based on strong foundations, and organizational values are
certainly that.
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Abstract:
Objective: This article innovates when we incorporate the statistical analysis to the method of DoublePerspective Data Envelopment Analysis (DP-DEA), with the objective of obtaining an estimate of
greater accuracy and reliability according to the assumptions of the Best Unbiased Estimator (BUE).
Design / Research Method: Double Perspective Data Envelopment Analysis (DP-DEA) is an
extension to Classical Data Envelopment Analysis (DEA) for estimating efficiency, asset values,
indicators, and other attributes from two perspectives, achieving a common result is the main objective.
This article innovates in DEA methodology, in two aspects: 1. To demonstrate the ability of the DPDEA to perform at intervals the estimation of values from a random sample; 2. Through the statistical
analysis, making estimates of central tendency according to the assumptions of the Best Unbiased
Estimator (BUE – Best Unbiased Estimator).
Conclusions / findings: The practical procedures performed step by step through DP-DEA according to
the assumptions of the BUE, presented in its main findings and conclusions are: 1. Incorporation of
statistical analysis to the DP-DEA method, which assumes assumptions of properties of the Best
Estimator Non-biased; 2. Within the scope of the DEA, it presents an innovative capacity to make
estimates from random samples, and; 3. At the end of the article, by simulation, able to validate
modeling through the variation of property characteristics, demonstrating that the estimation of the
corresponding values is consistent according to the market’s expectations.
Originality / value of the method: This article opens new avenues to be explored by the DEA
community. Firstly, as a tool for valuing assets, according to the Comparative Market Data Method. In
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Brazil, DP-DEA has been approved by the Brazilian Association of Technical Standards for this
purpose. Another innovation is to evaluate performance which results from common gain according to
two perspectives, which interact in the process or procedure under analysis.
Key words: Double Perspective Data Envelopment Analysis; Real Estate Appraisal; Best Unbiased
Estimator
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1. Introduction
This article presents the evolution of a new field of application and research for
Data Envelopment Analysis (DEA) through an approach in valuing assets.
The methodology of Double-Perspective Data Envelopment (DP-DEA) (Novaes
2002; Lins et al. 2005) was developed according to the classical theory of Data
Envelopment Analysis (Charnes et al. 1978; Banker et al. 1984), which is ground
breaking in the area of DEA methodology due to the ability to make estimates from
a set of data (Sampaio 2010). Thesis reports an applying of Double Perspective Data
Envelopment Analysis to the Benchmarking Process of Public Utilities.
This article applies the DP-DEA to estimate the fair market value of property
under the Direct Comparative Method of Market Data (Lewis 1999). Similarly, to
regression analysis, DP-DEA studies the dependence of one or more variables
explained by one or more explanatory and / or independent variables, to estimate a
range of viable values from two different perspectives and to find common
satisfactory results.
The case in question, the objective is to estimate the fair market value in which
a property can be traded, that is, the central tendency value where the supply and
demand of the commodity – property – serves the interests of the buyer and the
seller. The plausibility of this assertion is best understood according to the law of
supply and demand (Whelan, 1996), according to where there is a region of central
tendency, where the supply and demand curves meet, and the fair market value is
established (Misra, 2013).
The main innovation presented in this article is to demonstrate the use of
statistical fundamentals, applied to the DP-DEA, has the property of establishing the
best unbiased estimator.
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In section 5, we verify, instead of establishing a single value estimate, a range of
admissible values delimited by the enclosures that encapsulate the analyzed data set
is defined. The hypothesis formulated is that the envelopes delimit the viable region
of occurrence, which satisfy the laws of supply and demand (Shephard 1975)
applied to the real estate market, according to the buyer and seller’s views.
To summarize, we contextualize the main contributions of DP-DEA in the
research and the application which is to be portrayed in this article, through the
following themes:


Contextualization of the theoretical innovation of the DP-DEA approach in
relation to the DEA methodology.



Origin, history and motivation of the DP-DEA (Double Perspective DEA)
methodology (Novaes, 2002).



Fundamentals and mathematical formulation of the DP-DEA method.



Criteria and assumptions adopted to establish the best DP-DEA estimator.



Formulation and characterization of the equation of the central tendency
estimator.



History and relevance of Real Estate Evaluation Standards in Brazil



Regulatory and Market Context for applying the methodology in Brazil.



Application of DP-DEA according based on the real estate market data.

2. Contextualization of the theoretical innovation of the DP-DEA approach in
relation to the DEA methodology
The theoretical context of the scope of the DEA methodology is portrayed in an
article by Ali Emrouznejad and Guo-liang Yang (2017), when researching the
diversity of its application in various areas of human knowledge in the last four
decades. We verify that among approximately fifty related keywords like the mostly
used, they are not cited in the focus of this article: Real Estate Appraisal; Direct
Market Data Method, and; Best Unbiased Estimator.
The originality and innovation introduced by DP-DEA corresponds to its ability
to estimate values for one or more dependent variables through one or more
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explanatory and / or independent variables, introducing a new area of research and
application for the DEA methodology.
According to the most recent bibliographies, one of the main obstacles to the
greater diffusion of the DEA is the analysis of productivity and efficiency which lies
in the fact that it has no statistical basis (Ray 2004). The same authors assume that
two different samples, which use the same input packages and produce sets of
different quantities of products, would lead to different measures of the production
frontier.
Bayraktar et al. (2008) also note that the sources of uncertainty are in the
process of matching demand with supply. In this application, by encapsulating
observed market data, uncertainty translates into the variability of occurrences
which can satisfy each perspective of demand and supply, a condition that will be
better explained in the 5 and 6 section.
It is important to verify what the DEA community reaction, has been when
introducing the use of a more statistical basis, as we can verify in the following
publications:


Wanke et al. (2017) describe several new parametric models to deal with
input/output uncertainty in DEA;



Banker’s (1993) interpretation of the DEA as MLK – Maximum Likelihood
Estimation, uses the F statistic to establish greater reliability to the adopted
model;
Land et al. (1993) proposed a DEA approach with probability restrictions;



Varian (1985) proposed a statistical test of data consistency with the
WACM – Wax Costs Minimization Axiom and WAPM – Weak Axium and
maximum profit;



Simar and Wilson (1998) use consistent bootstrap techniques to generate
empirical distributions of efficiency outcomes;



Subhash (2004) notes that a new way to deal with input/output uncertainty
in DEA depends on the randomness of probability distributions;



Morita and Seiford (1999), Brázdik (2004) and El-Demerdash et al. (2013)
observe that a restriction limits the use of the stochastic DEA model in cases
where the event is unique or deterministic, a priori or posteriori of

130



DOUBLE PERSPECTIVE DEA ON APPRAISING PROPERTY’S FAIR MARKET VALUE
probability distributions needs to be addressed. However, the uncertainty of
input/output may be related to the inaccuracy and not to the randomness.
Where, some Fuzzy DEA methodologies are compared.


Bayraktar et al. (2008) investigate the impact of value range of practices on
retailer performance and makes the economic premise that uncertainty is
generally defined as unknown future events which cannot be predicted
quantitatively within useful limits, thus making the occurrence of
uncertainty unpredictable.

3. Origin, history and motivation of the Double Perspective DEA
The Double Perspective DEA technique was developed within the doctorate
thesis of Luiz Fernando de Lyra Novaes (Novaes L.F., 2002), under the guidance of
professor Marcos Pereira Estellita Lins. The introductory international publication of
this method on a paper of Lins et al. (2005) “Real Estate Appraisal. A Double
Perspective Data Envelopment Analysis Approach”.
A first important result was the presentation of a conference paper, awarded first
prize in the III Symposium of Appraisal Engineering – Avaliar 2002 (see Novaes et
al., 2002), promoted by the Brazilian Association of Institutions for Financing
Development (ABDE). One relevant approach presented in that occasion, was the
capacity of the parameters forming of frontier hyper plane defined by DP-DEA
Multipliers Model (Novaes 2002) on interpreting the real estate buyer’s behavior,
similar with the price-elasticity, verified on lower surface. Each real estate priceelasticity graph bar is geocoded, e.g., see Figure 1.
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Figure 1. GIS representation of physical features on apartments assessment

Source: Novaes (2002).

Over the map of Rio de Janeiro municipal district was geocoded factors graph
bars that represents the main factors trade-off, that explain the buyer interest for
each apartment analyzed, on response of what are the relative importance of real
estate valuation factors, based on sales data compiled by a real estate market.
When you are looking for a property, new home or starting a home renovation,
it is important that you understand the factors influencing the property valuation.
Location: The axiom “location, location, location” emphasize the importance of
this factor on chose a property, and the reason it is such a prevalent cliché is because
there is truth behind it. Proximity to beaches, laser places, employment centers,
medical facilities, shops, and schools is a determining factor for many families and
young couples when buying a home. Proximity to a wide array of local amenities
and good transport links increases the value of your potential property.
Age and Conservation: The age of a property doesn’t automatically reduce its
value. However, the condition of conservation of a property makes a huge
difference. An old but well-maintained property can achieve a valuation that is the
same as that of a new build of equivalent specifications; sometimes, even higher.
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Area and number of rooms: The size of an apartment on combination with the
number of rooms affects the value of the property. For example, increasing the
number of bedrooms and bathrooms is a good move to increase the value of your
home, whereas removing facilities or reducing the number of bedrooms is not.
Standard: Represents the quality of accessories and materials on wall-covering,
floorcovering, facades, common area and apartment. A building class distinguished
by a quality rating of the building construction, varying from luxury until minimum
recovering. The standard reflects directly on value real estate variation.
Unit/access: The condition of apartment access distinguished mobility and how
is increased on exclusivity on the use of the building amenities, service and social
hall and lift usage. These conditions are correlated with the investment made on the
construction of the building, representing what is offered on comfort to residents.
The influence of each real estate factor price elasticity is distinguished by the
graph bar geocoded exactly on the location of each apartment. The red bar
represents the location, the blue represents more privacy, yellow is apartment age,
dark blue the building standard, purple is conservation and green are apartment
dimension. Observing the map, we can see a buyer behavior varying with its
location. Some factor is more important as if formed by a location cluster,
permitting interprets the buyer’s behavior changing in function of the apartment
localization into the map. On the cluster formed by coastal apartments, we can
conclude that the location is prevalence. However, for the cluster formed by
suburban region apartments other factors, total area, conservation and units/access
are preponderant and they do not account with none influence of location.
In 2009/2011 it was performed NBR 14.653 review – Brazilian National
Uniform Standards of Professional Appraisal Practice (ABNT 2011). The DP-DEA
– Double Perspective Data Envelopment Analysis method (Novaes 2002) was
included within the scope of quantitative methods recommended for appraisal.
On page 17 the Standard recommends: “Other analytical tools for induction of
market behavior, considered of interest by the appraisal engineer, such as space
regression, data envelopment analysis and artificial neural networks, may be
applied, given that theoretical and practical point of view where duly justified, with
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the inclusion of validation, where relevant. In the case of the use of data
envelopment analysis (Double Perspective-DEA), Appendix D must be observed”.
Novaes and Paiva (2010 lining up with Appendix D ABNT 2011), established
an approach to solve the LOOP – Law of One Price arbitrage (Eckard 2004). A
general equilibrium model of real estate values developed to analyze property price
per square meters variation over a digital map of the urban area of the city of
Joinville compared with MRA – Multiple Regression Analysis. All computational
results were geocoded on a GIS – Geographic Information System generating scales
of price isolines over the Map, enabling compare accuracy between DP-DEA and
MRA. Comparing Figure 2 with Figure 3 and Figure 4 with Figure 3, is perceptively
the fitness adjustments of DP-DEA value isolines, e.g., Figure 2, with the value
observed isolines than MRA isolines.
Figure 2. DP-DEA Figure 3. Observed data Figure 4. MRA

Source: Novaes, Paiva (2010: 4-6).

4. Fundamentals and mathematical formulation of the DP-DEA method
DP-DEA Seller Perspective Surface is stablished by the efficient price on seller
behavior, that wishes to maximize the output (selling value), given the input
(property attributes). Symmetrically opposite, DP-DEA Buyer Perspective Surface is
established by the efficient price on buyer behavior, that wishes to minimize its
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input (purchase value), given the outputs (property attributes). The problem is
treated through DEA linear programming problems, which provide two DEA
frontiers: the seller and the buyer, therefore the name DP-DEA is given to represent
the behavior interaction by seller and buyer on realizing a market transaction.
In this paper, the DP-DEA method is applied to a dataset consisting of
properties market value of real estate transactions which occurred in some specific
region. A panel data, representing the scope of an observed real estate market,
contains the possible transaction values influenced by the supply or demand as a
function of properties characteristics. Modeling starts by selecting” observed real
estate data, with “m” independent variables, considering the usual main factors that
report the characteristics property attributions and “s” dependent variable, mainly
considering the property value and/or sale velocity, real estate build quality and/or
other output of interest. The DP-DEA model determines a subset composed of “k”
data which belongs to each perspective’s enveloping surface. This data is considered
that the best attends either one or the other perspective and defines the segments of
the enveloping surface, thus motivating the envelope form of DEA CCR or BCC
models (see Lins, Meza 2006). The contained subset, not belonging to this surface,
is formed by the remaining “n – k” inefficient data for each perspective. The
computation of the normalized distance of each observed unit requires the solution
of a linear programming problem (Lins et al. 2005: 5-14).
Figure 5 shows the area contained under the enveloping surfaces, which
correspond to a panel data of real estate market. It results from the intersection of the
set of supply possibilities and the set of demand possibilities (see Färe et al. 1996;
Shephard 1970). The buyer’s perspective frontier defined by units 166, 23, 32 and
234; and from the seller’s perspective frontier defined by units 90, 55, 56, 112 and
233. Regression literature exposes that the desirable statistical properties fall into
two categories: small-sample or large-sample. Under DP-DEA assessment approach,
fundamentally, we observe the assumptions described and the following
considerations.
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Figure 5. DP-DEA Envelopment Surfaces – Seller and Buyer Perspectives

4.1 For large-sample
Normal Approximation Rule states, as when dataset increase, the distribution of
the sample mean X ̅ concentrates more and more around its target the population μ
(Wonnacott, Wonnacott, 1990). This rule known how Central Limit Theorem can be
achieved to any PDF Probability Density Function (Davidson, 2008).
4.2 For small-samples
Comparing the envelopes DP-DEA results with confidence interval of multiple
linear regression, we can examine the differences of these two techniques. First
applying (Souza 2009: 5-15) compared the L.R. – Linear Regression Confidence
Interval at 80% with the Frontiers defined by DP-DEA with database extracts of
different sources and observes these results. At a data set formed with 2 variables
and 7 data (Zeni 1990), e.g. see Table 1 and Figure 6. The second applying, with 2
variables and 35 data (Lins et al. 2003). Although the surfaces of the envelopes
confidence interval data are best fit, it is found 22 observed data are outside, see
Table 2. However, all data observed are contained by the envelopes DP-DEA, see
Figure 7 and Table 2.
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Table 1. Sample composed by 2 variables and 7 data comparing L.R. with DPDEA estimate
Data

Regression 80% Results

Unit (R$/m2)

Infered

Observed
Dts.(m)
1,400.00
1,800.00
2,550.00
450.00
1,150.00
1,350.00
1,575.00
500.00
1,300.00
720.00
860.00
1,600.00
1,710.00
200.06
Source: Zeni (1990: 9-16).

Area(m2)

($/m2)
1,381.04
2,547.29
1,176.80
1,572.55
1,373.84
840.16
1,645.10

2,500.00
2,800.00
7,700.00
11,000.00
12,000.00
14,700.00
14,800.00

Lower
1,316.52
2,427.91
1,145.14
1,528.07
1,337.69
804.25
1,583.20

Uper
1,448.72
2,672.54
1,209.34
1,618.33
1,410.97
877.68
1,709.41

Buyer Pp
1,400.00
2,550.00
985.61
1,163.53
1,034.06
860.00
1,710.00

Seller Pp
1,400.00
2,550.00
1,150.00
1,575.00
1,300.00
860.00
1,710.00

3.000

3.000

2.500

2.500

2.000

2.000
Unitário

Unitário

Figure 6. Comparing L.R. Confidence Interval (80%) fitness with DP-DEA
DP-DEA Fronteiras
BuyerRegressão
and Seller
Surfaces
Intervalo
Confiança 80%
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Source: Zeni (1990: 9-16).
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Figure 7. Comparing DP-DEA Buyer and Seller Surfaces fitness with L.R.
Confidence
Interval (80%)
Regressão Intervalo Confiança 80%
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Table 2. Sample composed by 3 variables and 35 data comparing L.R. with DPDEA estimate
Data set
Price
Observ. (U$
Return(%) Risk (%)
millions)
30.00
70.00
50.00
32.00
40.00
10.00
33.00
40.00
5.00
35.00
40.00
10.00
36.00
70.00
50.00
38.00
40.00
5.00
42.00
50.00
10.00
50.00
100.00
20.00
65.00
80.00
20.00
80.00
100.00
20.00
100.00
120.00
40.00
130.00
180.00
50.00
195.00
300.00
80.00
200.00
300.00
120.00
250.00
400.00
100.00
250.00
300.00
120.00
280.00
500.00
200.00
300.00
400.00
100.00
300.00
500.00
200.00
300.00
500.00
200.00
320.00
700.00
300.00
350.00
400.00
100.00
355.00
500.00
130.00
390.00
600.00
250.00
400.00
500.00
200.00
400.00
700.00
300.00
480.00
600.00
250.00
550.00
1,000.00
400.00
600.00
700.00
300.00
600.00
1,000.00
400.00
600.00
870.00
280.00
630.00
1,000.00
400.00
690.00
870.00
280.00
700.00
800.00
150.00
750.00
1,000.00
300.00
Source: Lins et al. (2003: 1413-1424).
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Regression 80% Results
Inferred
(U$/m²)
37.07
29.45
36.69
29.45
37.07
36.69
39.57
79.50
59.17
79.50
81.23
129.45
219.32
192.84
299.05
192.84
322.51
299.05
322.51
322.51
442.74
299.05
369.75
382.50
322.51
442.74
382.50
648.04
442.74
648.04
603.49
648.04
603.49
658.33
709.97

Inferior
32.79
27.30
33.18
27.30
32.79
33.18
36.82
74.90
55.92
74.90
77.21
124.33
210.47
184.42
284.92
184.42
308.22
284.92
308.22
308.22
420.30
284.92
351.58
364.26
308.22
420.30
364.26
612.03
420.30
612.03
571.15
612.03
571.15
604.05
667.71

Superior
41.91
31.76
40.57
31.76
41.91
40.57
42.52
84.39
62.60
84.39
85.45
134.79
228.54
201.66
313.89
201.66
337.47
313.89
337.47
337.47
466.38
313.89
388.86
401.66
337.47
466.38
401.66
686.16
466.38
686.16
637.67
686.16
637.67
717.48
754.90

DP-DEA Results

Inferior
Superior
30.00
64.13
30.00
38.00
30.00
38.00
30.00
38.00
30.00
64.13
30.00
38.00
30.00
46.71
43.81
90.26
34.60
72.84
43.81
90.26
53.02
107.68
80.63
159.95
135.87
264.47
135.87
264.47
181.90
351.58
135.87
264.47
227.94
438.68
181.90
351.58
227.94
438.68
227.94
438.68
320.00
612.89
181.90
351.58
227.94
438.68
273.97
525.79
227.94
438.68
320.00
612.89
273.97
525.79
550.00
750.00
320.00
612.89
550.00
750.00
450.33
717.50
550.00
750.00
450.33
717.50
396.67
700.00
550.00
750.00
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The graphs are classified by the observation value (graph plotted points) rather
than the inferred value (since this is not necessarily within the confidence), e.g. see
Table 2.
At first glance RL takes “advantage”. However, 22 of the 35 RL points are
outside the 80% confidence interval, see Table 2. To place them within the range,
we change the significance successively until their total inclusion. The new chart,
indicating the significance used, see Figure 8. The RL has its significance close to
0.0%, which in statistical terms corresponds to a deterministic interval. The RL
range is broader than DP-DEA.

Figure 8. L.R. Confidence Interval ~100%
Regressão Intervalo Confiança +-100%
800
700

Preço Pago
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400
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13

17

21

25

29

33

Número de Observações: 35 Dados

Source: Souza (2009).

The third base is taken from Maddala (2001). Table 4.7 – Price of Rural
Property Land, 5 (five) independent variables in 39 observations. They refer to rural
land prices near Saratoga, Florida with the following variables: Price (dependent US
$,acre), WL (bare ground), DA (distance to airport miles), D75 (distance to highway
miles), A (acreage), MO (month of actual transaction).
It is observed that the regression does not contain all the points observed in its
80% CI graph, especially in the extremes. By changing the significance successively
until their total inclusion, we have the new graphic profile with C.I. approximately
equal 100%, which in a quick examination gives more fitness to DP-DEA, see
Figure 9.

139

Luiz Fernando DE LYRA NOVAES et al.
Figure 9. Comparing L.R. C.I. 80% with DP-DEA Envelopment and L.R. C.I.
100%

Source: Souza (2009).

The fourth example is provided by the “Manual of Econometrics”
(Vasconcellos (1999)), e.g., see Figure 10. This is an exercise in section 6 of the
section of “Multicollinearity”. Visual comparison of the graphs shows that the shape
of the curves is quite similar, however the regression does not contain several points
observed within the confidence limits. For this to occur we must return to the CI of
the model data and make its uncertainty equal to 1%. The new chart comparative is
as above, with a slight visual disadvantage for the regression that still has a point
outside (only included if the significance is 0.20%).
Figure 10. Comparing DP-DEA. with L.R. C.I 80% and 100%

Source: Souza (2009).

140

DOUBLE PERSPECTIVE DEA ON APPRAISING PROPERTY’S FAIR MARKET VALUE
The fifth and final example comes from the National Institute of Standards and
Technology (NIST) data collection of the Department of Commerce, Technology
Administration of the United States. This body provides certified results for
regression analysis of varied series, with an increasing degree of difficulty.
The goal is to report these results to companies and developers to compare with
those produced by commercial software. The series we will use as an example is
Longley. This classic statistical series of work in America was one of the first used
to test the computational precision of the minimum square. The response variable
(y) is the total derivative employment and the prediction variables are implicit GNP
deflator with 1954 = 100 (x1), gross national product (x2), unemployment (x3), size
of armed forces (x4), the illegal population above the age of 14 (x5) and the year
(x6). Three points are not contained in IC = 80.0% of RL. For this to occur we must
have CI = 97.5%, see Figure 11.
Figure 11. Example 5 Data Base 6x16

Regressão Intervalo Confiança 99%

Regressão
Intervalo Confiança 80%
DP-DEA
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DP-DEA Fronteiras
120.000

120.000
120.000

100.000

100.000
100.000

80.000

80.00080.000

140.000
120.000

60.00060.000

40.000

40.00040.000

20.000

20.00020.000
0

0
1

4

7

10

13

Número de Observações: 15 Dados

Preço Pago

Preço Pago

60.000

Preço Pago

Preço Pago

100.000

60.000
40.000
20.000
0

0
1

80.000

1 4

4 7

7 10

10 13

13

NúmeroNúmero
de Observações:
15 Dados
de Observações:
15 Dados

1

4

7

10

13

Número de Observações: 15 Dados

Source: Souza (2009).

The DP-DEA is an iterative non-linear process, e.g. see a practical
demonstration on section 9. It seems to be an advantage of the DEA to provide an
immediate critique of data: if a given point extends the boundaries too much, it can
be removed from the sample and the process restarted. New frontiers are generated,
thus successive frontier modeling. The examples presented here indicate that highly
collinear models are better explained by RL, whereas in small samples with almost
no data, DEA is a very valid alternative.
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5. Criteria and assumptions adopted to establish the best DP-DEA estimator.
Instead of obtaining only a single estimate of
three estimates of

, DP-DEA obtain

. Two estimators are the buyer efficient value and the seller

efficient value, i.e., the independents variables “xij”, with i = 1 to m , explained by
dependents variables “yrj”, with r = 1 to s, representing respectively by projections
.

The

key

concept

underlying interval estimation is formal defined by DP-DEA approach (see Novaes
2002; Lins et al. 2005).
The interval between

and

are established by buyer and seller

envelope surfaces, e.g. see Figure 12. Thus, interval estimation, in contrast with
point estimation, provides a range of possible values within the third estimator
lies, the central tendency value (Novaes, Paiva 2011).
According to which:
See respectively notation on next Table 3.
Observed data

is a dataset of a

population observed.
The buyer and seller envelopes surfaces are performed respectively when
, j =1,…,n, respectively.

and
When

matches the buyer or the seller envelopes surfaces, it has efficiency

equal a 1 under each perspective, as like in Figure 12, respectively hBj =1 and 1,hSj =
1.
hB and hS are the decision variable estimated under DP-DEA approach (Novaes,
Paiva 2011: 2-14).
and

(Novaes 2002; Lins et al.

2005).
Figure 12 shows the interval between

and

,the projections of

on DP-DEA envelopes surfaces, i. e., the hyper-planes
formed by maximization of outputs and the minimization of input on envelopment
PPL form. The variable h and 1,h’ correspond to efficiency determinate by DP-DEA
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approach, in such a way, which input under a buyer’s perspective is the output under
the seller’s perspective and vice-versa (see Novaes 2002; Lins et al. 2005).
Figure 12. DP-DEA Buyer and Seller Perspective Surfaces

DP-DEA Buyer and Seller Perspective Surfaces are defined to Real States
Appraisal application, in observing the Law of Supply and Demand. The law of
supply and demand theory explains the interaction between the supply of a resource
and the demand for that resource. The theory defines the effect that the availability
of a particular product and the desire (or demand) for that product has on its price
(Sholarin, Awange 2015).

6. Formulation and characterization of the equation of the central tendency
estimator
The LOOP – Law of One Price (Eckard 2004) main principle states that when
assets are identical in all aspects of value or characteristics, they must have the same
price under market equilibrium. If two identical assets have different prices, there
will exist an arbitrage opportunity and exploring this opportunity will help ensure
that prices of the two assets converge.
An asset’s fundamental value is the price that well-informed investors are
willing to pay in a free and competitive market. By the Law of One Price, investors
would assess values such that equivalent assets have the same price. There can be a
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temporary difference between the market price of an asset and its fundamental
value. Likewise, security analysts make their living by researching the prospects of
various firms and recommending which stocks to buy, because their price appears
relatively low to the fundamental value, and which to sell, because their price seems
relatively high to the fundamental value.

Table 3. Notation DP-DEA Central Tendency Estimator
ˆ j  ( xˆi  j , yˆ i  j )
n

 ( yˆ 
j 1

/

i j



Central Tendency Estimate

 yi j )  0

(1 )

yˆ i  j  Z ( yi Sj  y i Bj )  yi Bj
yˆ i  j  0

(2 )

Z 0

( 3)
yi j

By Seller' s Perspective

yi Sj 

By Buyer' s Perspective

y i Bj  yi j  h B j

n

Z

y
j 1

hS j

( 4)

(5)

n

ij

  hB j  yi j
j 1

 1


 hB j   yi j



j 1  hS j


(6)

xˆi  j  xi j

(7)

n

and

Notation
yˆ i  j  j Central Tendency Estimate
yi Sj  Projected value of data j on the enveloping surface on seller's perspective
yi Bj  Projectedvalue of data j on the enveloping surface on buyer' s perspective
yi j  Real estate j price observed
Z  escalate
hS j  Real estate assessed j deviations to the enveloping surface on seller's perspective
hB j  Real estate assessed j deviations to the enveloping surface on buyer' s perspective
xˆi  j  j Factors or Characteristics Estimate
xi j  j Observed Data Factors or Characteristics
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The real estate market assumptions states that no two distinct assets are identical
in all aspects. There are always some differences of characteristics, maybe the
localization, configuration or the size of the lot and the house or something else. The
process of valuation requires that we find assets comparable to the one whose value
we want to estimate and make judgments about which differences are important on
their value to investors. This specific market equilibrium point is achievable when
buyer and seller engage in a dispute and have attended their own interests of all
kinds on the value of a specific real estate.
A strategy is introduced to determine central tendency estimates. The DP-DEA
central tendency estimator between the two encapsulating surfaces (Novaes, Paiva
2010), is the dependent variables

estimated by the minimization of the median

absolute deviation of the whole distribution determined by the escalate Z (minimumdistance between the mass of dataset).
6.1. Central tendency estimates piece-wise line
In section 9, DP-DEA software estimates the dependent variables Фj by the
minimization of the median absolute deviation of the whole distribution determined
by one estimated escalate Z. (Novaes, Paiva 2010). The LOOP,DP-DEA piece-wise
line on R2, e.g. Figure 13, applying all possible variations of Φj (Novaes, Paiva
2010).
Figure 13. Central tendency piece-wise estimator line and the interval between
Seller and Buyer Perspective Surfaces
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6.2. Best Unbiased Estimator (BUE) Assumptions applied for DP-DEA
modeling
In this section we describe how we deal with the DEA community’s dilemma,
already mentioned in item 2, when performing the DP-DEA model incorporating the
statistical analysis with the objective of defining the best estimator of the central
tendency value of the data evaluated.
Figure 14. No tendency

In the practical modeling presented in section 9 of this article, the statistics used
was to observe the three fundamental properties desirable for estimators, namely:
non-bias, efficiency and consistency. The following summarizes the main aspects of
each of these properties:
No Tendency: An estimator is said to be non-biased when its sample distribution
has mean equal to the parameter to be estimated θ = Θ, e.g. Figure 14.
Figure 15. Efficiency

𝜽𝟏 = 𝜽𝟐 = 𝜽𝟑
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Efficiency: It is considered that between two non-biased estimators, the one with
the smallest variance is called an efficient estimator.
That is, if Variance ((θ_1)) <Variance ((θ_2)) then (θ_1) is efficient, since (θ_1)
and (θ_2) are non-biased estimators for Θ, e.g. Figure 15.
Figure 16. Consistency

Consistency: If the estimator approaches the true value of the parameter, as the
sample grows, then it can be said that it is consistent. That is, if the amount of data
tends to infinity then (θ_1) tends to Θ, e.g. Figure 16.
In accordance with the proposal to promote more confidence to DEP-DEA
assessment modeling approach, incorporating some statistical treatment to perform
goodness-of-fit test “R2” – the coefficient of determination – that be able to tell us
how well the DP-DEA assessment line fit the data.
More generally, our interest is to predict the current values of dependents
variables representative of a population, then the nature of the distribution of the
errors

needs to be assumed on behalf best fitted result to dataset

extracted of some population.
The BUE achievement requires that each
normally

with:

Mean:

;

is distributed
Variance

and
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i.e.:

means that

are not only uncorrelated but

normally and independently distributed (Gujarati 1995: 51-77, 191-237).
DP-DEA assessment modeling approach, in the same way of the confidence
interval generated by ordinary least squares, instead of relying on a line estimator,
an interval is defined around the estimator piece-wise line, e.g. see Figure 13. This
interval “involves” the data with smaller or larger dispersion. On the other hand, the
DP-DEA may also be shaped with the same goal: to adjust the upper and lower
curves in the response variable (Gujarati 1995: 777-784).

7. History and relevance of Real Estate Evaluation Standards in Brazil
Brazilian Association of Technical Standards is a nonprofit organization that
develops and publishes standards on a wide variety of topics, by the National
Standardization Forum, composed of Committees (ABNT,CB) and Sectorial
Standardization Organisms (ONS), which are in charge of the Brazilian Standards.
Research reports are elaborated by delegates of the Study Commissions
(ABNT,CE), composed of producers, consumers, users and other involved agents,
such as universities and laboratories. The Committees (CB) and Organisms (ONS)
thus develop a Project for the Standard, which circulates for Public Consultation
amongst the ABNT’s associates and other interested parties.
Appraisal Engineering has one of the most main activity on the real estate
valuation, prerogative for preserving the integrity of the mortgage lending process
for the benefit of the general public and the parties involved (e.g. Banks, Promotion
Agencies, Pension Funds) and the buyer (see Shapiro et al. 2013).
The real estate’s value estimation is drawn up by a civil engineer or architect,
through the use of methodologies for the valuation of tangible (property, land
holdings), intangible (commercial capital, industrial capital, brands, patents, etc.),
and financial (shares, corporate rights) assets, established and regulated by the
Brazilian National Uniform Standards of Professional Appraisal Practice – NBR –
14653 (ABNT 2011).
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The first draft for real estate’s appraisal standards organized by public entities
and institutes directed to Appraisal Engineering date 1957. This was followed by
others, of huge relevance, elaborated by institutes that operate in the field, but the
subject acquired relevance during 60’s great boom of expropriations, with the
studies developed by commissions of professionals dedicated to specialized
inspections and juridical assessments.
In 1977, emerges the first Brazilian Appraisal Norm of Urban Real Estate the
ABNT’s NBR 5676 (NB-502), whose major innovation is the establishment of
accuracy levels for the evaluations. At the time, the ABNT started to produce other
standards for evaluations, with the following typology: Rural Estates; Standardized
Units; Industrial machines, equipment and Industrial complexes, and; Urban Glebes.
Revised in 1989, the Brazilian Appraisal Standards for Urban Real Estate is
registered by the National Institute for Metrology (INMETRO) with # 5676. In this
opportunity, the accuracy levels are transformed into stringency levels. The
evaluation capacity of real estates was amplified and improved, along with its
professionals, with modern statistical techniques in conjunction with information
technologies. The important role given to the application of multiple linear
regression in NBR 5676 of ABNT represented the initial stimulus for the
appreciation of the use of data treatments based on scientific instrumental.
The basic assumptions of the use of statistical inference with the use of multiple
linear regression started to stand out in the ABNT (2011) norm, drawn up in 2004,
as a way of warning the evaluators of the damaging consequences of the nonobservation of the adopted models and the consequent estimates. Fundamentally, the
ABNT (2011) approaches the principles and methods that the appraisers shall attend,
to ensure the necessary quality concerned in appraisal practices.
The Brazilian real estate market is in constant expansion, in view of public
policies directed to increase the supply of real estates. There is a housing deficit in
Brazil estimated in 10 million homes and a latent demand for more than 1.5 million
homes per year, due to the insertion of young people in the labor market and related
family formation. The increase of Mortgage Credit was launched year by year, that
can be seen in Figure 17.
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Figure 17. Mortgage Credit X GDP Brasil

Source: BACEN.

According to the specialized media, the Federal Saving Bank – CAIXA
ECONÔMICA FEDERAL – is the major economic agent in the segment of
mortgage credit, with a market-share of 67.2%, launching R$ 384,2 billion in 2015.
CAIXA is the biggest entity directly interested in incorporating the best
practices and techniques in the daily real estate assessment’s activities, a
subcontracted service and contracts more than one million assessment reports
Appraisers per year. The Department of Standards Management (GEPAD) has acted
strongly, aiming to promote the research and incorporation of new technological
advances in the Appraisal Engineering field and, when proved effective, the
consolidation through ABNT standards.
The Assessment Engineering professionals are engineers and architects who
become experts in this area through the implementation of specialized courses. The
diffusion of the technique’s improvement is disseminated via forums and congresses
carried out in national and international levels. The SOBREA – Brazilian Appraisal
Engineering Society of and the IBAPE – Brazilian Appraisal and Proficiency
Institute of, with national representation in 21 federation units are the main entities
bringing together the expertise of about 49,000 civil engineers and architects.

150

DOUBLE PERSPECTIVE DEA ON APPRAISING PROPERTY’S FAIR MARKET VALUE
8. Regulatory and market context for applying the methodology in Brazil
The current fair market value is the objective of professional appraisal work,
based on sample data collected into a local real estate market observed. A sample is
fitted by similar sales with similar home’s factors or features: style; dimensions, age,
date, localization, influent sites and others. An appraiser has to observe a CMA
(Comparative Market Analysis) (AI 2006,2013) that is analogues to the Direct
Capital Comparison Method (DCCM) (ABNT 2011; Shapiro et al. 2013).
In Brazil, the NBR 14.653 – Brazilian Appraisal Norm of Urban Real Estate
Appraisal relates the procedures to be observed by the professional appraisers in the
activities regarded in works dealing by the stakeholders. One of the most important
stakeholder that induce and foment the real estate market is the Federal Savings
Bank – Caixa Economica Federal. Caixa has a great interest on configure the quality
of appraisals works. With this proposal foment the diffusion of the knowledge into
their contracted professionals and credential enterprises dialed to for fit appraisal
works in 5,500 cities distributed in all Brazilian states.
Homogenizing the properties heterogeneity is done by the proceedings observed
on ABNT (2011). NBR establish the procedure to translate observed factors and
features properties into quality variables by allocated code, dummy variables or
proxy variables. The quantitative variables like dimensions, age, distance and other
factors observes its actual value. The more usual scientific method observed to
appraisers is the MRA – Multiple Regression Analysis. Appraisers inferring
observed prices of real estate market to assess market value of a specific property
usually utilize several MRA software specifically designed. Complementary, the
econometric model selected is the most properly fitted according to statistical
criteria defined by the NBR and the MRA methodology available on Real Estate
appraisal software tools.
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Figure 18. DP-DEA Buyer and Seller Perspective Frontiers

At the same way, the extreme envelopment surfaces of DP-DEA method
establish an interval for a property’s value as a function of its physical features or
factors and location proposed by Novaes (2002), see Figure 18. Lins et al. (2005: 38) describe the DP-DEA proceedings that makes use of two encapsulating surfaces
that enfold, in an n-dimensional space, all the observed data, see Figure 5. Real
estate units which, either from the point of view of the seller or the buyer, present an
“efficient” price, will define those surfaces. The remaining units can have their value
assessed by taking the envelopments as frameworks, under an output-oriented or an
input-oriented DEA model.
The value of central tendency or “the fair market value” is describe by the
surface performed by the combination of the attractive value estimated between the
two encapsulating surfaces, which minimize the absolute deviation established by
the center of mass or gravity of the whole distribution (see Novaes, Paiva 2010) and
Figure 13.

9. Application of DP-DEA according based on the real estate market data.
Double Perspective DEA (DP-DEA) uses as an objective measure of the
observed units’ normalized distance to the two simultaneous perspectives: the hyper-
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plane by maximization of outputs and the minimization of inputs. In such a way that
inputs under a buyer’s perspective are the outputs under the seller’s perspective and
vice-versa, the dependent variable – apartment unit value ($,m²) (Lins et al. 2005: 314), see Figure 19.
DP-DEA proposes that, just as the seller wishes to maximize the output (selling
value), given the inputs (property attributes), the buyer wishes to minimize its input
(purchase value), given the outputs (property attributes). The problem is treated
through two mathematical programming, which provides two DEA frontiers: the
seller and the buyer, therefore the name DP-DEA given to the present method.
The DP-DEA method is usually applied to a database consisting of market
values to the properties, which were established in scriptures of real estate
transactions and that occurred in several regions of a city or on offerings. DEA
production possibilities represent the scope for negotiation, containing the possible
transaction values influenced by the supply or demand (see Shapiro et al. 2013), as a
function of properties factors. Modeling starts by selecting” observed real estate
data, with “m” independents variables, considering the usual main factors that report
the characteristics property attributions and “s” dependent variable, mainly
considering the property value and,or sale velocity, real estate build quality and
others outputs of interest. DP-DEA model determines a subset composed of “k” data
that belongs to the perspective’s enveloping surface. These data are considered that
the best attend one or other perspective and define the segments of the enveloping
surface, thus motivating the envelope form of DEA CCR or BCC models (see Lins,
Meza 2006). The contained subset, not belonging to this surface, is formed by the
remaining “n – k” inefficient data to each perspective. The computation of the
normalized distance of each observed unit requires the solution of a linear
programming problem (Lins et al. 2005).
The LOOP,DP-DEA function (Novaes, Paiva 2010) appraisal the market value
estimator between the two encapsulating surfaces, which minimize the median
absolute deviation of the whole distribution.
DP-DEA establish a central tendency hyper-plane surface see section 6, see
Figure 13. DP-DEA software estimates the dependent variables Фj by the
minimization of the median absolute deviation of the whole distribution determined
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by one estimated escalate Z (Novaes, Paiva 2010). The LOOP,DP-DEA piece-wise
line on R2 is illustrated in Figure 13, section 6, applying all possible variation of Φj
(Novaes, Paiva 2010).
9.1. Practical example with a single Independent Variable.
A practical approach of real estate appraisal based on urban lots sample with
two variables. Data sample collected are defined in Table 4.
Table 4. Urban lots sample with two variables
Transformed
Data

Total Area

Unit Value

Total Value

1/ Total Area

1

90.00

2,500.00

225,000.00

1,111.11

2

255.00

600.00

153,000.00

392.16

3

140.00

1,100.00

154,000.00

714.29

4

175.00

1,800.00

315,000.00

571.43

5

75.00

2,200.00

165,000.00

1,333.33

6

100.00

1,000.00

100,000.00

1,000.00

On Figure 19, R2 data graph allows visualizing double envelopment surfaces.
The upper frontier is the locus of data highest value, the Seller’s perspective frontier.
According to the basic assumptions, item D.2.1 of Annex D of ABNT (2011), the
transformation of the independent variable – Total Area – must be performed to
present a positive correlation with the independent variable – Unit Value. In Table 4,
the last column corresponds to the inverse function of the variable Total Area.
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Figure 19. Total Area x Unit Value

The data set corresponds to the 2 x 6 matrix, where each column represents a lot.
The 1st row corresponds to the independent variables and the 2nd row corresponds
to the dependent variables:
1111.11 392.16 714.29 571.43 1333.33 1000.00
2500.00 600.00 1100.00 1800.00 2200.00 1000.00



Decision variables are
and
The value projected of each optic is estimated according to the projection of the
data observed value through each envelope. According seller’s viewpoint, the data
“3” estimated value is equal:

yv 3  hV 3  y3
To estimate decision variable hV3 is used the Output-Oriented Model PPL VRS
Envelopment as follows:
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A Linear Problem Programming to estimate the lot value “3” projected at the
frontier of the seller’s perspective can be represented matricially as:
Envelopmen t (Dual) for BCC
hv o 
 
 1
 2 
 
Max [1 0 0 0 0 0 0 ]  3 
 4 
 
 5 
 6 
Such that
hv o 
 
 1
1100.00
2500.00
600.00
1100.00
1800.00
2200.00
1000.00

  2    0 
 
 0
1111.11 392.16
714.29
571.43
1333.33 1000.00   3   714.29




1
1
1
1
1
1
 0
  4    1 
 
 5 
 6 

 j  0,  k , j , i e hv irrestrict ed signal.

The solution can be realized through the Simplex Method – Minimization
Problem (Boldrini et al. 1980) or by Excel Solver. Through Performer DEA
software (2016), we obtain the following results for the decision variables:
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hv o  0.5541
    0.265 
 1 

 2   0 
  

 3    0 
 4   0.735 
  

 5   0 
 6   0 
Seller’s perspective, value estimated for data “3” is:
1

h

The decision variable C 3 is estimated by Input-Oriented Model PPL VRS
Envelopment (Lins et al. 2005), as follows:
Envelopmen t Problem (Dual)

MinH C 0  hC 0
n

Subject to hC 0 y r 0    j y rj  0, r 1,......, s
j 1

n

  x  x , i 1,......, m
j 1

J

ij

i0

 j  0,  k , j , i
n

ForVRS :   j  1
j 1

1

See Data “3” Table 5 – Maximum Value.
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From the data of the related Sample in Table 5, we obtain the following formulation:
Envelopmen t Problem (Dual)
hc o 
 
 1
 2 
 
Min [1 0 0 0 0 0 0 ]  3 
 4 
 
 5 
 
 6

Such that
 hc o 
 
 1
1100.00 - 2500.00 - 600.00 - 1100.00 - 1800.00 - 2200.00 - 1000.00   2    0 
 
 0
1111.11 392.16
714.29
571.43
1333.33 1000.00   3   714.29




 0
   4    1 
1
1
1
1
1
1
 
 5 
  6 

 j  0,  k , j , i

The solution can be realized through the Simplex Method – Minimization
Problem (Boldrini et al. 1980) or by Excel Solver. Through Performer DEA
software (2016), we obtain the following results for the decision variables:

hc o  0.7382
   0 
 1 

 2   0.43 
  

 3    0 
 4   0 
  

 5   0 
 6   0.57 
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According buyer’s viewpoint, the data “3” estimated value is equal to:
yC 3  hC 3  y3  0.7382  1100.00  R$ 812.00

2
Data “3” estimated the fair market value, according equations (24) and (28)
(Novaes, Paiva 2010) is R$1,390.313.
Table 5. Minimum, Maximum and Estimated Values – DP-DEA

9.2. DP-DEA software graph analysis
Table 5 reports a simulating of real estate appraisal data. Data “7” is
characterized on Table 6.
Figure 20 reports observed, central tendency, minimum and maximum estimate
values. The data on abscissa axis and unit value on ordinate axis.

2
3

See Data “3” Table 5 – Minimum Value.
See Data “3” Table 5 – Estimated Value.
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Table 6. Urban Lots Sample – Area x Unit Value – Appraising Data “7”

Data “7” estimate Value with area of 120.00 m2:
Tendency Central
R$
Value
Minimum Value 1,506.14
R$
890.23

Maximum
Value

R$

Figure 20. Minimum, estimated, maximum and observed Values DP-DEA
2,139.7
1

9.3. DP-DEA software modeling and application on real estate appraisal
DP-DEA software incorporates some statistical and graphs analysis: Dependent
variables x Independent variables; coefficient of determination (R²); multiple
correlation (R); correlation analysis; Table of Residual Standard Deviation and
Graph Analysis; Graph of appraisal values and observed, buyer and seller’s
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perspective values variations; Graph of adherence between observed and assessed
variables. The DP-DEA software is an innovator product that observes the Double
Perspective Data Envelopment Analysis Methodology.
Real estate appraisal is the action of judging the market value of properties –
lands and its improvements. The market value improves an important role in land
management involving public administration, institutions of landing regulations,
properties financial institutions and so, a broad range of stakeholders, until meet the
personal interest of be a property owner. Then the market value would be
comprehensive and reliable enough to attend all these actors. At the end of a sale
process, we can represent all these actors by the two involved negotiator the buyer
and the seller.
The DP-DEA approach by the Direct Capital Comparison (DCC) (Mackmin
1994) method was applied to a database consisting of the market values of
apartments that were established in transactions, and which have occurred in several
neighborhoods of the Niteroi’s municipal district of Rio de Janeiro’s state.
In the predictive modeling procedures, we need to establish a sample using
information extract of some Real Estate agent’s data. Nowadays, the internet enables
to get complementary information on Real Estate’s sites. Websites allows one to
either send a lead inquiry or search through property type categories: eventual sale
price, location, styling, sale condition, size, amenities, features, improvements and
upgrades, attractive or economic sites, the current real estate market and mortgage
interest rates, among others.
The parameterization consists in depict subjective amenities or property
characteristics in quantitative or qualitative variables. This phase is one of the most
important that involves the modeling process, is essential to adequate properly the
scales and variations of each qualitative variable. It can be configured by allocate
code, dummy variable and proxy variable.
The database used in DP-DEA computations consists of 14 variables (features)
for each one of the 76 residential units (apartments). These variables include: buy
and sell transaction price; property privative area; Effective age; number of rooms,
baths, bedrooms; building amenities; parking places; Quality of Construction;
neighborhood index and unit’s conservation; date of collecting data, corresponding
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event. For the description and comments of each one sees U.S. Department of
Housing and Urban Development ( Housing Department, 2015), Appraisal Institute
Commercial Data Standards (2004) or Brazilian National Uniform Standards of
Professional Appraisal Practice (ABNT, 2011).
First, we proceed an exam to understand the variables behavior and correlation,
see Table 7 and Figure 21.
Table 7. Variables Correlation Analysis

The variables of the apartments collected have the following configuration:
Event – if sold or sale pending – dummy variable;
Month – first is 20th January;
Actual Age;
Conservation – allocated code – scale 1 to 6 representing the first the necessary
recuperation to new (first use);
Building Class – allocated code – minimum class is one and high class = 6;
Building Amenities – allocated code – without amenities is zero; playground = 2,
and swimming pool = 3;
Parking Space – quantitative variable;
Private area – square meters – number of parking places;
Location – proxy variable by familiar income on Census Tract geocode map;
Bedrooms – quantitative variable;
Bathrooms – quantitative variable;
Service rooms – quantitative variable;
Panoramic view – yes or no – dummy variable;
Unit value – R$,m².
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Figure 21. Relation between dependent and independent variables

Relationship view between dependent variable e each on independent variable
of the six selection, e.g., see Figure 21. Will permit see each data adherence with the
data set tendency line. Putting on suspicion the data not adequate.
First model graph analysis simulation
The correlation analysis presented in Table 8 is the result of an optimization
procedure, to obtain a best relation sheep by transforming the independent variables.
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Table 8. Transformed Variables Correlation Analysis – 1 step

The modeling process are implemented by graph analysis, it permits
understanding the relationship between variables, its correlation, see Table 8. By
DP-DEA software simulating with all variables and dataset, we concluded that is
necessary to extract 6 outliers’ data or with Relative Residuals more than 35%.
Correlation analysis enable selecting the variable with highest explanation with the
dependent variable Transformed independent variables to be more adjusted with
market behavior.
Figure 22. Relative probability distribution of residuals comparing fitness
adherence with normal distribution
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Figure 23. Relative Residuals , Pattern Deviation Outliers Analysis and
Homoscedasticity

Figure 24. Appraisals of unit value (blue line) of central tendency (loop DEA),
buyer’s (red line) and seller’s value (green line) and observed value data
(yellow line)

* Minimum, * T.C.Estimate * Maximum * Observed Values DP-DEA
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Figure 25. Adherence between Unit Value Observed and Appraisal Values

Figure 26. Model analysis R²

R² model analysis, see Figure 26. Results: R2 = 63.42%; R = 79.63%; Outliers = 3;
Data = 83; Variable = 8.
Analyzing if the DP-DEA appraiser model is adequate. Steps:
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Graph in Figure 22 – Verifying Fitness adherence with Normal distribution.
Graph in Figure 23 – Examining the residuals distribution to verify
homoscedasticity.
Graph in Figure 24 – The adjust of distance between seller’s and buyer’s frontiers.
Graph in Figure 25 – Verifying the adherence between observed and appraisal
values.
Table in Figure 26 – The first model analyzed has R² = 0.6341
Conclusion of this first model simulation: We conclude that some analysis criteria
doesn’t corresponding with expected results. We decide to continue the process to
find a better model.
9.4. Real Estate appraisal DP-DEA model selected
After testing and simulating some models, we stopped when the model achieved
the following results: Verifying the correlation between the variables selected if
presented the expected behavior with the predicted in real estate market
Table 9. Relation between dependent and independent selected variables

Verifying Data Residuals Outliers and Homoscedasticity, see Figure 27.
Figure 27. Outliers and errors analysis graph
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Verifying fitness adherence of Residuals with Normal Distribution (Figure 28);
adherence between observed and appraisal values (Figure 29); interval amplitude
between the buyer and seller frontiers (Figure 30).
Figure 28. Fitness adherence with normal distribution

Figure 29. Adherence between observed and appraisal values
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Figure 30. Appraisal values (blue line) of Central Tendency (Loop DEA),
Buyer’s (red line) and Seller’s values (green line) and Observed data values
(yellow line)

* Minimum, * T.C.Estimate * Maximum * Observed Values DP-DEA
Figure 31. R²

Verifying R² Model Analysis.
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9.5.The Selected model
This last model selected achieves the appraised values, in tables 10 and 11,
were, fundamentally, validated by the statistical analysis, it was achieved by model
that best observes the BUE assumptions. This last model is constituted by
transforming some of independent variables defined in Table 7. It shows best
statistical parameters obtained comparatively with others simulated models:
expected influence of independent variables with dependent variable; best R² =
0.86279; residuals fitness adherence; errors with normal distribution and outliers’
results; smaller amplitude between buyer and seller frontier; better adherence
between assessed and observed values of dataset, see figures 27, 28, 29, 30 and 31.
Real estate appraisal of central tendency, buyers and sellers’ perspectives
valuation and residuals statistical results for observed and appraisal data are related
in tables 10 and 11.
Table 10. Results of DP-DEA software – Assessed and Projected Values and
Residuals
Data

Value
Observed

Buyer
Perspective
Value

Assess
Value

Seller
Perspective
Value

1

10,239.34

7,164.54

8,716.55

10,239.34

1,522.79

14.87%

1.25

3

6,923.08

5,740.41

7,167.09

8,566.90

- 244.01

-3.52%

-0.3

4

9,375.00

9,375.00

9,375.00

9,375.00

-

0.00%

5

5,546.31

5,546.31

6,992.29

8,411.04

- 1,445.98

-26.07%

-2.2

6

6,756.76

4,068.94

5,425.62

6,756.76

1,331.14

19.70%

1.66

7

5,563.64

4,102.25

5,264.22

6,404.30

299.42

5.38%

0.45

8

8,222.22

8,222.22

8,358.68

8,492.57

- 136.46

-1.66%

-0.14

9

5,670.10

4,219.15

4,951.52

5,670.10

718.58

12.67%

1.07

10

8,160.92

4,384.78

6,290.79

8,160.92

1,870.13

22.92%

1.93

11

7,282.98

5,307.73

6,944.39

8,550.23

338.59

4.65%

0.39

13

5,975.61

5,694.73

5,836.50

5,975.61

139.11

2.33%

0.2

14

5,696.20

4,095.20

4,903.31

5,696.20

792.89

13.92%

1.17

15

5,639.10

5,313.18

6,230.39

7,130.34

- 591.29

-10.49%

-0.88

16

5,974.03

5,974.03

5,974.03

5,974.03

-

0.00%

0

17

8,964.76

8,964.76

9,455.01

9,936.03

- 490.25

-5.47%

-0.46
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Table 10. Cont …
Data

Value
Observed

Buyer
Perspective
Value

Assess
Value

Seller
Perspective
Value

18

6,806.66

4,449.77

5,639.41

6,806.66

1,167.25

17.15%

1.45

19

7,640.39

6,824.30

7,908.00

8,971.29

- 267.61

-3.50%

-0.3

20

7,003.69

7,003.69

8,056.72

9,089.93

- 1,053.03

-15.04%

-1.27

21

7,012.20

4,534.76

6,432.54

8,294.59

579.66

8.27%

22

6,717.72

3,985.22

5,364.45

6,717.72

1,353.27

20.14%

1.7

23

7,945.21

7,534.25

8,366.09

9,182.26

- 420.88

-5.30%

-0.45

24

7,945.21

7,534.25

8,366.09

9,182.26

- 420.88

-5.30%

-0.45

25

7,534.25

7,534.25

8,366.09

9,182.26

- 831.84

-11.04%

-0.93

26

6,357.14

6,285.71

7,244.94

8,186.11

- 887.80

-13.97%

-1.18

27

6,285.71

6,285.71

7,244.94

8,186.11

- 959.23

-15.26%

-1.29

28

6,487.19

6,397.48

6,812.86

7,220.42

- 325.67

-5.02%

-0.42

29

6,914.89

6,310.23

7,370.61

8,411.04

- 455.72

-6.59%

-0.56

30

7,231.54

7,164.54

8,716.55

10,239.34

- 1,485.01

-20.54%

-1.73

31

6,196.58

6,196.58

7,291.02

8,364.86

- 1,094.44

-17.66%

-1.49

32

6,081.08

4,068.94

5,425.62

6,756.76

655.46

10.78%

0.91

34

4,339.62

3,773.58

4,059.29

4,339.62

280.33

6.46%

0.54

35

6,914.89

4,179.66

5,828.69

7,446.68

1,086.20

15.71%

1.32

Relative
Residuals

Residuals

Relative
Residual,Standard
Desviation

0.7

Table 11. Results of DP-DEA software – Appraisal and Projected Values and
Residuals
Relative
Residual,
Standard
Deviation

Value
Observed
+-

Buyer Perspective Value

Appraisal
Value

Seller
Perspective
Value

36

8,928.57

6,863.40

7,905.80

8,928.57

1.022.77

11.46%

0.97

37

3,773.58

3,773.58

4,059.29

4,339.62

- 285.71

-7.57%

-0.64

38

7,808.76

7,808.76

7,880.48

7,950.84

- 71.72

-0.92%

-0.08

39

7,005.25

7,005.25

8,047.60

9,070.33

- 1.042.35

-14.88%

-1.25

41

9,066.67

4,393.54

6,752.31

9,066.67

2.314.36

25.53%

2.15

42

7,425.74

6,805.44

7,585.35

8,350.57

- 159.61

-2.15%

-0.18

43

5,113.64

5,113.64

6,555.28

7,969.77

- 1.441.64

-28.19%

-2.38

44

7,133.33

4,128.33

5,645.11

7,133.33

1.488.22

20.86%

1.76

45

6,395.12

6,395.12

8,044.83

9,663.47

Data

Residuals

Relative
Residuals

- 1.649.71 -25.80%

-2.17
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Table 11. Cont. …
Relative
Residual,
Standard
Deviation

Value
Observed
+-

Buyer Perspective Value

Appraisal
Value

Seller
Perspective
Value

46

8,166.08

6,395.12

8,044.83

9,663.47

121.25

1.48%

0.13

47

6,696.43

6,696.43

6,696.43

6,696.43

- 0.00

0.00%

0

48

6,113.74

5,420.47

5,945.35

6,460.36

168.39

2.75%

0.23

50

7,333.33

7,319.35

7,326.41

7,333.33

6.92

0.09%

0.01

51

5,445.54

5,445.54

5,445.54

5,445.54

0.00

0.00%

0

Data

Relative
Residuals

Residuals

52

5,952.38

5,365.68

5,661.82

5,952.38

290.56

4.88%

0.41

53

14,035.08

14,035.08

14,035.08

14,035.08

-

0.00%

0

54

8,750.00

8,750.00

8,750.00

8,750.00

0.00

0.00%

0

55

13,000.00

9,899.99

11,464.73

13,000.00

1.535.27

11.81%

1

57

15,064.10

15,064.10

15,064.10

15,064.10

-

0.00%

0

58

12,923.07

12,923.07

13,121.72

13,316.63

- 198.65

-1.54%

-0.13

59

5,870.44

5,870.44

5,870.44

5,870.44

- 0.00

0.00%

0

60

11,934.15

11,934.15

11,934.15

11,934.15

0.00

0.00%

0

61

9,952.60

9,952.60

9,952.60

9,952.60

0.00

0.00%

0

62

9,174.31

9,174.31

9,436.87

9,694.48

- 262.56

-2.86%

-0.24

63

10,600.00

8,503.35

9,561.64

10,600.00

1.038.36

9.80%

0.83

64

8,581.31

8,581.31

8,581.31

8,581.31

- 0.00

0.00%

0

65

9,333.33

9,333.33

10,041.95

10,737.23

- 708.62

-7.59%

-0.64

66

6,103.28

5,113.64

5,613.16

6,103.28

490.12

8.03%

0.68

67

8,444.44

8,444.44

8,444.44

8,444.44

-

0.00%

0

68

8,333.33

8,333.33

8,333.33

8,333.33

-

0.00%

0

69

7,485.02

7,485.02

9,000.10

10,486.65

- 1.515.08

-20.24%

70

6,847.84

5,232.64

6,769.21

8,276.85

78.63

1.15%

0.1

71

7,246.38

5,016.05

7,076.08

9,097.31

170.30

2.35%

0.2

72

6,606.68

5,243.27

6,923.11

8,571.32

- 316.43

-4.79%

-0.4

73

6,395.12

6,395.12

7,887.45

9,351.67

74

8,166.08

6,395.12

7,887.45

9,351.67

75

7,005.99

7,005.99

7,937.10

8,850.68

76

5,319.15

5,224.15

5,272.10

5,319.15
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- 1.492.33 - 3.34%
278.63

3.41%

- 931.11 -13.29%
47.05

0.88%

-1.71

-1.97
0.29
-1.12
0.07
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10. Conclusion
With this paper we expect to open new paths that can be explored by DEA
community. DP-DEA method is a useful tool to assess either performance or asset
value when we need to consider two divergent interests but that needs to fulfill a
common result. The statistical analysis incorporated on this appraisal application
demonstrates its accuracy, achieving best-fit results and fulfilling a legal rule
established on the Brazilian Professional Appraisal Practice Standards.
We would like also to emphasize that DP-DEA software appraisal capacity has
innovated DEA study area, as an appraisal tool. In Table 12 – Simulation Results of
DP-DEA Appraisal software, we present a simulation that considers the value
appraisal of six different apartments. Modifying the two elected factors that
influence the apartment valuation (Privative Area (m²) and Actual Age) and keeping
the others factors constant (Building Quality, Equipment, Parking Space and
Panoramic View), DP-DEA software could find the three important values: buyer
perspective valuation, seller perspective valuation and central tendency, according to
real market behavior.
Table 12. Simulation Results of DP-DEA software – Appraisal
Actual
Age
Year

Quality
Building

Equip
a-ment

Privative
Area
m²

Parking
Space

Location
$ , m²

Pano
rami
c
View

Buyer
Perspective
$ , m²

Value
Assessed
$ , m²

Perspective
Value
$ , m²

Apartme
nt 01

1

5

1

150

2

9719.85

1

11,389.00

13,209.09

15.064.10

Apartme
nt 02

15

5

1

80

2

9719.85

1

8,198.78

9,836.50

11.384.76

Apartme
nt 03

15

5

1

150

2

9719.85

1

8,198.78

9,714.63

11.201.93

Apartme
nt 04

15

5

1

300

2

9719.85

1

7,.062.96

7,746.05

8.391.83

Apartme
nt 05

15

5

1

160

2

9719.85

1

8,.198.78

9,707.10

11.187.01

Apartme
nt 06

30

5

1

150

2

9719.85

1

8,198.78

9,705.53

11.183.90

Other important analytic capacity of DP-DEA software goes far beyond, DPDEA (Novaes 2002; Lins et al. 2005) making it possible to understand each
perspective behavior (buyer , seller) through the mathematical Multiplier DEA
Model frontier formulation. A practical approach inferring the buyer behavior, was
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presented on section 9. On the related example, it was considered the combination of
factors that motivate the decision to buy a real estate in a specific location. The
capacity of the parameters to create the frontier hyper plane, defined by the
constraints of DP-DEA Input-oriented Model (Novaes 2002), illustrates the real
estate buyer’s behavior, like price-elasticity, verified on lower DP-DEA frontier.
Each real estate price-elasticity graph bar is geocoded on Figure 1 – GIS
representation of physical features of apartments appraisal of competitive buyer’s
perspective. Secondly, we used Loop-DP-DEA (Novaes, Paiva 2010) to find the
central tendency, considering a sample of the market data set. Complementary, in
section 9, we have demonstrated the fair market value appraisal incorporating
statistical analysis to search the best unbiased estimator DP-DEA model.
The main contribution of this paper, considering estimation techniques
assumptions, is demonstrated in section 9.4 and 9.5, concluding that DP-DEA
modeling approach attends the assumption of Best Unbiased Estimator, Koch
(2013). Thus, through the successive iterations of DP-DEA, we could obtain the
minimization of estimation’s mean square errors and the expected value of the error
tending to zero.
The most usual technique used for appraisals is MLRA, which adopters resist to
switch to other techniques, because it is already a consolidated methodology.
Considering this scenario, we are making a huge effort to spread this new technique
and to incorporate consistent statistical analysis to improve the estimation accuracy,
when compared to the real dimension prospected.
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Janusz MYSZCZYSZYN
1. Introduction
The role of technological innovations in creating economic growth can hardly be
overestimated. Numerous examples of technological changes can be cited,
depending on the period studied, which affected both the growth rate and rising
standards of living.
The development of transport, including that of railroads, was certainly crucial
to building the capitalist order of the nineteenth century given that transport was
what, on the one hand, determined the rapid growth of other industries of the
national economy, with this rapid growth, on the other hand, calling for more
efficient modes of communication.
The railroad, being one of the most important innovations during the
technological revolution, has frequently been the subject of research. In this respect,
the studies launched in the 1960s proved to be critical as they contributed to the
emergence and development of a new paradigm, New Economic History1. In
seeking to verify the long established theorems and commonly accepted truths,
scholars associated with this research stream use historical statistical data in order to
investigate them in-depth by employing econometric methods.
The belief that railroads, as a novel means of communication, played one of the
most crucial roles in the economic development of Europe and the USA was just
such commonly accepted truth (Fishlow 1965; Fremdling 1985; Voss 1960;
Myszczyszyn 2013). This view was, however, altered by Fogel’s work Railroads
and American economic growth. Essays in econometric history (Fogel 1964).
Hence the main aims set by the present author are as follows:
- to show the usefulness or usability of the social saving measure, including
consumer surplus, in the assessment of the impact of the rail sector on economic
growth of the German Reich;
- to determine the level of savings in relation to the gross domestic product (GDP)
for the period set by the author. Considering that two studies, those by Sympher and

1

It was initiated in the 1950s by two young scholars J. Meyer and A. Conrad, and further expanded by,
among others, Fogel (1962), and Fishlow (1965).
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Heubach, concerned with the rivalry between rail and waterway transport were
available, the author analyzed the year of 1985;
- to compare the results produced (for the year 1985) with the author’s previous
findings presented in his work Wpływ kolei żelaznych na wzrost gospodarczy
Niemiec (1840−1913) [The impact of railroads on German economic growth
(1840−1913)] (Myszczyszyn 2013a) and with the results calculated by other
authors.
Another important aim is to promote the work of new economic historians
considering the fact that the achievements in the field of the paradigm mentioned
earlier have been rather limited in Poland (Pomorski 1986; Matera 2015; Guzowski,
Poniat 2015).

2. Take-off
development

and

Germany’s

economic

growth (1850-1913).

Railroad

Germany was the last European country to embark on a path to rapid economic
development (take-off) in the mid-nineteenth century. Politically divided,
impoverished and backward, German nations founded, under the aegis of Prussia,
German Custom Union, which manifested their economic integration. With the war
against France won, they created the German Empire (1871) which competed
effectively with France, England and the USA on an economic level (Myszczyszyn
2011).
The gross domestic product (GDP) expressed in constant 1913 prices grew from
M 11.4 billion (1850) to 56,8 billion (1913) thus producing an average growth rate
at 2.53% over 1850-1870, while the years following Germany’s unification (18731913) saw this rate at 2.75%. Moreover, the GDP per capita expressed in constant
1913 prices grew from M 338 (1850) to M 874 (1913), with an average annual
growth rate between the years 1850-1870 being at 1.76%, and at 1.5% throughout
the years 1873-1913. Germany was at the forefront of the economic change faced by
the European continent.
To return to the development of railroads, the German nations (including
Prussia) were initially (in the 1830s) reluctant to involve public funds in the
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development of this mode of transport – railroads were therefore built through the
private sector and local communities. It was only in the mid-nineteenth century that
the government authorities began to initiate and finance new railroads on a greater
scale, with the 1870s seeing the commencement of the process to nationalize the
then private railroad.
Despite the low profitability of some of the railroads (areas scarcely populated
and under-developed), the annual rate of increase of new railroads across the
German nations over the years 1850-1875 was at 5.8%, falling to the level of 1.83%
after 1880 (Statistisches Jahrbuch für das Deutsche Reich 1880-1914). The year
1913 saw the length of the railroads at 61 159 km. What also grew quickly was the
rail network coverage– in the year 1895 which the author analyzed it was 83.6 km
railroads per thousand square kilometers, whereas in the wake of the German
unification it was only 40.1 (1871) (Figure 1).
Equally interesting and further attesting to the rapid growth of the rail sector is
the comparative analysis of the volume of rail freight (in million tkm) and passenger
(million pkm) transport against the GDP index per capita (1913=100) (Figure 2), as
well as the comparison of the GDP index per capita against the indices of rail freight
and passenger transport (Figure 3). In the year 1895, the railroads had the following
capacity: 26.6 billion tkm (cargo); 19.9 billion pkm (persons).
The conclusion that can be drawn easily is that one ought to contribute the
greatest growth dynamics to the rail freight transport although during the initial
stage of the rail network development (up to 1870) it was the passenger transport
index that grew visibly faster.
The analysis cited can be seen as evidence for recognizing the rail sector as the
leading one in Germany although the rate of increase as regards new railroads from
the 1880s to the outbreak of World War One was relatively low (1.1-2.3% annually).
What, however, proved to be important for the development of local railroads was
the expansion of the railroad of the third order (Kleinbahn-narrow-gauge railroad).
Those railroads were critical for the local transport growth, while additionally the
legal regulations in place made it possible to build them at a substantially low cost,
although their vast majority failed to make any profit (Myszczyszyn 2015).
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Figure 1. The development of railroads in Germany in 1850-1913

Source: author’s own calculations based on: Statistisches Jahrbuch fűr das Deutsche Reich,
1885-1913; Hoffmann (1965).

Figure 2. German GDP index per capita (1913=100) against the volume of rail
passenger (million pkm) and freight (million tkm) transport

Source: author’s own calculations based on: Statistisches Jahrbuch fűr das Deutsche Reich,
1885-1913; Hoffmann (1965); Fremdling (1985: 17-19); Myszczyszyn (2013b: 179-191).
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Figure 3. The index of the railroad length, rail passenger and freight transport
(1913=100)

Source: author’s own calculations based on: Statistisches Jahrbuch fűr das Deutsche Reich,
1885-1913; Hoffmann (1965); Fremdling (1985: 17-19); Myszczyszyn (2013b: 179-191).

The analysis of the above statistical data and the analysis which the author
conducted at an earlier time confirm that at the end of the nineteenth century
Germany was, in Europe and globally, at the forefront in railroads expansion, and
consequently, in their length and coverage (Myszczyszyn 2013b).

3. Emergence and development of the concept of social savings
A leading representative of new economic historians, Fogel presented the
concept of social savings in 1962 in a scientific paper A quantitative approach to the
study of railroads in American economic growth. A report of some preliminary
findings (Fogel 1962: 163-197). He elaborated on the issue of social savings in his
book from 1964 Railroads and American economic growth. Essays in econometric
history (Fogel 1962). In 1979 in his paper Notes on the social saving controversy,
Fogel wrote “I defined the social savings of railroads in any given year as the
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difference between the actual cost of shipping goods in that year and the alternative
cost of shipping exactly the same bundle of goods between exactly the same points
without the railroad.” (Fogel 1979: 2-3).
The social savings methodology is based on estimating the savings produced by
a new technology compared to another (traditional) technology. The savings on
resources is compared to the gain in real national income. Social savings tend to be
expressed as a percentage of the gross domestic product (GDP), gross national
product (GNP), net national product (NNP).
Figure 4. A hypothetical demand for new transport services and traditional
transport as exemplified by the rail sector, taking into account rigid (DT) and
elastic demand curve(DT1)

DT

P
A

Pt

SC

RC
Pt1

SR
Rr

DT1

Q

Source: self-reported data based on Myszczyszyn (2016).

The method used to calculate social savings is illustrated below, assuming that
the demand curve DT is perfectly inelastic (rigid demand) and also when the demand
curve is elastic DT1 (Figure 4).
where:
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DT – rigid demand for services, e.g. transport service,
DT1 – (elastic) demand for services, e.g. transport service,
SC – supply of alternative transport services (without railroads),
SR – supply of alternative transport services (including railroads),
RC – social savings from innovation,
Rr – resources spent on transport (with railroads).
As O’Brien notes, counterfactual reasoning “can be used if reliable alternatives
are available and which in addition have to be adequately defined” (O’Brien 1977:
23). This is why the premise of the social saving concept proposed by R. Fogel was
that social savings brought about by the expansion of railroads were most frequently
confronted by having them compared to waterways networks.
As Fogel assumed, the capital necessary for the rail network to expand was
equal to normal profits (normal profits were equal to alternative costs). Moreover,
Crafts notes that the social saving approach is also a practical method to calculate
total factor productivity (Myszczyszyn 2013b: 161, 179-191).
In the social saving accounting, one defines what costs society would incur if
there was no innovation, with the post-innovation demand. Hence, it can be given
as:
Social savings = (Ct-1 – Ct) Qt
where:
C – marginal cost (assuming that costs are proportional to production, the marginal
cost is the same as the average cost),
Q – total quantity,
t-1 – pre-innovation time,
t – post-innovation time.
Assuming that the market is fully competitive, market prices can be viewed as the
cost measure, then social savings are defined as:
Social savings = (Pt-1 − Pt) Qt
where:
Pt-1= price of an alternative transport mode, e.g. inland waterways transport,
Pt= price of rail transport,
Qt= the quantity of goods transported by rail (e.g. tkm – ton-kilometer)
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The assumption referring to the market competitiveness is deliberate since the
data on costs, unlike on prices, are usually unavailable or very difficult to acquire.
The only thing that needs to be recalled is that according to the microeconomic
premises, prices, over a long period of time and with perfect competition, equal
costs (companies make only normal profit). For rail transport, this is a very strong
premise that is hardly justified in practice.
Fogel also created an upper bound estimate of social savings assuming that
transport demand was perfectly inelastic.
Fogel’s calculations showed that social savings of the rail sector in the USA
(1890) were only at 1.8% of GDP. This finding and Fogel’s theses came as a
considerable surprise to the scientific community. Fogel’s methodology, as a
counterfactual methodology, has been used in some countries with a view to
estimating the influence of railroad on economic growth. Those calculations are
presented in the present author’s work (Myszczyszyn 2013b). For instance, social
savings from the rail sector (including freight transport) were at 4.1% of GDP in
England and Wales (1859), 11% (1890); Brazil 19-38% (1913); France 5.8% GDP
(1872); Spain 7.5% (1978).
However, the data cited above as regards social savings cannot be seen as clear
indicators for the involvement of railroads in generating economic growth in any
given country considering the following:
- the social savings calculations that are available in the literature refer to
different countries, different years, and were conducted using a variety of
methodologies, and, in the light of the fact that some data were unavailable,
those estimates may be unreliable and so drawing clear conclusions may be
flawed,
- the value of social savings may be substantially smaller if we assume that
price elasticity of demand is high. In such case the falling prices, in line with
the elasticity concept, lead to increased demand (and vice-versa), which is
why Leunig advocates using consumer surplus for the analysis of the impact
exerted by the development of technology.
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According to Fogel, the social saving methodology entails calculating savings in
any period investigated while determining the difference between the actual cost of
e.g. freight, passenger transport in this year and the alternative cost, e.g. using inland
waterways for transporting exactly the same amount of goods, number of people.
Thus, the railroads are theoretically eliminated.
The figure illustrates the demand for transport while assuming that it is either
rail transport that is taken into consideration (SR) or only an alternative mode of
transport (SC). In the case that is typical for the social saving concept one should
determine total expenditures (revenue), that is an RC area, which would denote
possible savings in the economy as a result of the rail sector development, and then
to refer those savings to the GDP level.
In summing up, one should emphasize that, notwithstanding the criticism
directed at the calculation of social savings, in the case of the rail sector this
indicator has become a valid element in defining the effects of an innovation which
in the nineteenth century the railroad expansion embodied.

4. The consumer surplus concept
Fogel’s social saving concept faced considerable criticism. This comes as no
surprise given that in the USA one of the major innovations of the nineteenth
century, that is railroad, was characterized by a relatively low rate of social savings.
In the wake of Fogel’s publication, Boyd and Walton (1972) questioned the
advisability of calculating social savings based on the assumption that the elasticity
demand coefficient was equal 0. This implies that demand is rigid, failing to respond
to price changes. In principle, one can recognize that social savings estimated in this
way determine, in line with Fogel’s reasoning, an upper bound estimate of savings.
The research on econometric estimates of price elasticity of demand for
passenger transport which Boyd and Walton conducted after the Second World War
brought them to the conclusion that this indicator was equal |1| (unit demand).
Hence, consumer surplus could be called the total financial gain of all consumers
who would be willing to purchase one unit of a given good at a price that is higher
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than the price of market equilibrium PR. The exact size of this measure depends on
the shape of the demand curve, which as a rule is characterized by a negative slope
(Greasley, Olexey 2011; Myszczyszyn 2013b: 175-179).
This can be illustrated algebraically as follows:

CS  Pt 1  Pt Qt 1   ( Pt 1  Pt )(Qt  Qt 1 )
where:
ΔCS – change in consumer surplus,

 – a parameter determining the demand curve slope,
Q – quantity,
t – post-innovation time, t-1 – pre-innovation time.
In order to determine the relationship between the social saving, and consumer
surplus and the assumption that Qt = 1, we obtain:

CS
SS

   (1   )Qt 1

With such construction of the equation there are, depending on parameter  ,
three different categories, namely with the parameter assuming the following values:

 >1,  =1,  <1.
If  >1, then we consider Giffen goods for which the demand curve has a positive
CS
>1. This would mean
SS
that the fall in the price of a product is accompanied by the fall in its consumption –
the income effect outweighs the substitution effect. Then the quantity Qt multiplied
by the price would be smaller than Qt-1 multiplied by the price before launching the
innovation. For Giffen goods, the social saving SS would be smaller than consumer
surplus CS.
slope (which is rather exceptional) and then the quotient

If  = 1, then the demand would be perfectly inelastic. This means that the social
saving SS would equal the consumer surplus CS.
The third possibility, if  <1, then

CS
SS

<1, which means that the social saving

SS is higher than the consumer surplus CS, and this can be the most probable
alternative.
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If the demand and price are normalized, in other words, Qt = Pt = 1, then we can
assume that
Q = Pe
where:
e – demand elasticity.
Seeking to determine consumer surplus, one can use the following equation (an
increase in consumer surplus is related to Q, while taking into account P):

CS   PP P e dp 
t 1
t

1
( Pt e11  Pt e 1 )
e 1

In order to determine the relationship between the change in the value of
consumer surplus and social saving estimation for a fixed demand elasticity, one
should present the above equation as a price and demand elasticity function, and
then divide it by equation SS=(Pt-1-Pt)Qt. Then we will receive:

CS
SS



Pre 1  1
( e  1 )( Pr  1 )

where:
Pr =

Pt 1
– the price ratio before and after innovation.
Pt

The above equations show that the size of deviation

CS
SS

depends not only on the

degree of elasticity of the demand straight-line curve but also on factor Pr.
As Fogel argued, even for a very inelastic demand curve for freight and
passenger transport ( e = -0,4), the calculations based on the assumption that
elasticity equals 0 may imply that

CS
SS

will change by even 46% (Fogel 1979: 11-

12; Myszczyszyn 2013b).
Seeking to achieve the research objective, the present author used various
degrees of demand elasticity against elasticity e=-1,38, estimated by W. Hoffmann
for transport expenditures. In the case of Germany, the elasticity degree of demand
for transport expenditures changed considerably over the years 1850-1913, just like
the total of expenditures which households allocated for this kind of purchases. As
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Hoffmann notes, in the mid-nineteenth century, a person would spend on average 40
pf (1913 prices) on transport with those expenditures growing very fast to reach 18
M per person in 1913.

5. Results
Using the above assumptions, the author estimated social savings for rail freight,
omitting passenger rail transport and the railroad of the third order.
Two alternatives were assumed for the rail freight – the equations 1) and 2)
shown below.
In order to calculate the social savings from the first equation, the author used
the source data derived from Sympher’s work Die wirthschaftliche Bedeutung des
Rhein-Elbe-Kanals (Sympher 1899) formulating the following equation:
1) Pt=0.6PW+0.3PK+0.1PP
where:
Pw – the rate for inland waterway transport determined based on the rate of
average inland freight (applying the different rates for the four major waterways
(river basins such as the Rhine, the Elbe, the Oder and the Vistula) which were at
1.65pf/tkm (Sympher 1899: 38-39); 2
PK – the rate for inland waterway transport (canals), the rate of freight water
transport was assumed to increase by 0.5 pf/tkm (Myszczyszyn 2013b);
PP – the rate for horse drawn transport (wagons) was set at 40pf/tkm.
It was assumed that the value of rail transport in 1895 was at 483 million M
(Hoffman 1965).3
The results published at an earlier date referring to the first equation induced the
author to formulate equation 2). To this end, the author used Heubach’s study – Die
Verkehrsentwicklung auf den Wasserstrassen und Eisenbahnen des
Elbe=Odergebietes in dem Zeitraum von 1882-1895 (Heubach 1898).
Author’s own calculations in which the author included the estimates for the four major rivers of the
Reich such as the Rhine, the Elbe, the Oder and the Vistula, as well as additional costs for water
freight.
3 The results from the first equation were published in Myszczyszyn (2016).
2
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Across the Oder-Elbe waterways, including the so called March route (1895),
9.2 million Mt (9 271 million tkm) were transported by rail and waterways in total,
which accounted for 34.85% of the overall inland transport of the German Reich.
The average length of the rail route was 117km, while for waterways it was 335km
(Heubach 1898: 24-25). The assumption was that 50% of transport would be by
using natural waterways, 30% by artificial waterways (e.g. canals), and 20% by
roads using horse drawn transport (wagons).
2) Pt=0.5PW+0.3PK+0.2PP
where:
Pw – the rate for inland waterways transport, determined based on the rate of
average inland freight (applying the different rates for two waterways (the OderElbe river basins) at 1.5pf/tkm as the highest rate (the highest cost of brown coal
freight on the Aussig-Magdeburg route), and having taken into account the fact that
the waterways transport was on average 25% longer for the same distance as
compared to the rail transport, it was assumed that the average cost of freight would
be at 1.9pf/tkm) (Heubach 1899: 56-57, Tafel V).4
PK – the rate for inland waterways transport – artificial sections (e.g. canals), it
was assumed that the freight accounted for 75% of rail freight, that is (3.06 pf), that
is, 2.0 pf/tkm (Heubach 1899: Tafel V),
PP – the rate for horse drawn transport (wagons) was set at 40 pf/tkm.
Table 1. Social savings of the rail sector in Germany in 1895
Description
Rail transport (mln tkm)
Alternative rate for 1 tkm (M.)
Value of rail transport (mln M.)
Value of transport as an alternative for railroads (million
M)
Social savings (million M.)
Savings rate (% GDP)
Source: self-reported data.

Equation 1)
26 600,00
0.055
483.00

Equation 2)
26 600.00
0.0964
813.96

1 463.00

2564.24

980.00
2.82

1 751.24
5.04

The author’s own calculations; the author took into account the estimates made for the Oder river and
the Elbe, and additional costs for water freight.
4
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The value of rail transport in 1895 was calculated by multiplying the average
price for rail freight 3.6 pf by rail transport, which resulted in 813.96 million M. The
calculation results are illustrated in Table 1.
The social savings from the rail sector (freight) were at the following level:
- 2.82% of GDP according to the first equation;
- 5.04% according to the second equation.
Such results confirm that the role of railroads seen through the prism of the
social savings ratio to the GDP level was relatively minor. This finding also justifies
the cause and the reason prompting German researchers (Fremdling, Tilly,
Pierenkemper and others) to focus rather on defining the importance of railroad as a
key sector through the effects that go forwards and backwards
(Vorwärtskopplungseffekte, Rückwärtskopplungseffekte), disregarding the level of
investment outlays on railroad expansion at a time when waterways transport was
definitely less expensive (Fremdling 1985; Pierenkemper, Tilly 2004). It should be
noted that the social savings calculated by the author amounted to 2.08-2.32% of
GDP in 1909 (Myszczyszyn 2013b: 175). Indeed, the rail transport had economic
effects which would go “backwards” and “forwards” stimulating the development of
other German industries. The development of railroads itself together with the
German Custom Union, in Germany’s conditions, also exerted a substantial impact
on the integration and unification of the nations divided politically. Still, the success
and economic development of Germany was also influenced by plenty of other
factors, such as increased industrial production, chemical industry development,
agricultural progress, reduced illiteracy, etc., as well as the state’s involvement in
the economic processes.
In the subsequent step, the author showed, using different degrees of elasticity
of demand, the quantity of social savings while taking into account consumer
surplus for the rail sector (Figure 5).
The savings demonstrated by the author in relation to the GDP level (1895) were
only at 1.27% of GDP (assuming that the demand elasticity ratio was at the level e=
-1.381) for the first equation and 2.18% of GDP for the second equation. It should
be noted that the social savings which the author calculated for 1909 were at 1.531.58% of GDP (Myszczyszyn 2013b: 179).
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These calculations (and the previous ones for the year 1909) further confirm
how important the elasticity of demand is for the innovation under study. Assuming
that demand is inelastic, social savings may prove to be relatively high, while for
elastic demand they may be considerably lower.
Assuming that demand for transport was relatively elastic, that is, the demand
curve was not rigid, then consumer surplus would automatically become much lower
than the social savings calculated, and for the year 1895, assuming that the demand
was rigid, the surplus oscillated within the 1.27%-2.18% range in relation to the
GDP.

Figure 5. Social savings of the rail sector in Germany taking into account
consumer surplus and using different levels of demand elasticity (1895)

Source: self-reported data.
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6. Summary
The analysis of the social savings from Germany’s rail sector for the year 1895
allows for drawing the following conclusions:


the growth pace of rail transport in German nations and (later on) in the German
Reich was very impressive although the waterways transport was not pushed to
the sidelines of those changes. The emergence of a new transport mode coupled
by a fast increase in production potential allowed for the development of trade,
also stimulating the development of other industries (e.g. machine industry, iron
industry). Moreover, railroads revolutionized the market of mass passenger
transport and postal transport;



the rail transport was not cheap compared to alternative modes of transport (e.g.
inland waterways transport). For instance, in the case of Prussia the average fee
for rail freight transport should not be lower than 2.2 pf/tkm. This level assured
viability of the rail transport. Sadly, the state would often bring lower fees which
it justified by the higher need (cf. Grotewold 1914: 17-19, 305, 393). Still, this
also yielded positive effects as the difference in the transport costs allowed for
the inland transport to further develop. As Voss suggests, the development of
railroads itself did not imply the reduction of transport costs. The rail transport
cannot therefore be viewed as a substitute for the inland transport at the time in
question. Despite the rapid development of the rail network coverage, the share
of the waterways transport (1880-1913) in relation to the rail transport grew
from 21.1% to 24% (Voss 1960: 62-63). However, this rapid economic growth
(including the development of industry) allowed for using the (innovative) rail
transport on a large scale.



for the expansion of railroads substantial investment had to be incurred which
could otherwise have been allocated for other economic activities, including the
expansion of canals, river regulation, development of areas with low economic
activity, and, first and foremost, constructing new road and improving the
condition of the already existing hard paved roads (Myszczyszyn 2015). The
most telling fact (among other things, in the context of the lack of financial
resources) is the planning for over fifty years of the construction of the Rhine-
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Elbe canal. Despite Karl von Thielen’s statement, who was then the Prussian
minister for public construction works, that the inland waterways transport was
to be seen as a partner of equal importance to railroads, the rail transport had in
fact been considerably privileged (Heubach 1898: 42);


the fee policy in rail transport was often unstable and lacking uniformity
ultimately leading to the use of other alternative (cheaper) modes of transport,
which inland waterways frequently represented;



the subsequent development of wheeled transport confirmed the thesis that some
portion of the railway network, even though being profitable, had to be removed
in the wake of such new technology as vehicle transport which made railroads
unviable. Nevertheless, the new rail sections unviable for the eastern provinces,
which tended to be under-developed, brought about a new wave of economic
recovery. Neither should one forget the importance of the third order railroads
for the development of local markets (e.g. the Prussian province of Pomerania);



the expansion of some of rail routes was dictated by military and political
considerations, being questionable, to say the least, from an economic point of
view;



owing to economic effects (forwards and backwards), rail transport influenced
the demand and development of numerous areas of national economy, delivering
a transport that was more secure, on time and less dependent on the forces of
nature;



the railroad development allowed for transport in regions where waterways were
developed poorly, watercourses were not navigable or their condition was such
as to render bulk transport impossible. On top of that, given that the common
course of rivers was in south-north, there were no transport links in east-west,
and considering the shape of the German Reich border, that proved to be of
particular relevance;



in addition, rail sections between industrial centers tended to be shorter than the
natural river courses, which ultimately led to having to pay more (even at a
lower fee for 1Mt) for the same volume of goods using the inland waterways
transport.
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The analysis of social savings of railroads in Germany illustrates the relatively
law value of this indicator. The results elicited confirm that alternative modes of
freight transport (in this case water transport) were in many instances less expensive,
which, however, does not yet mean that the emergence and expansion of railroads
had no impact on economic growth and its pace, which is further corroborated by
the econometric model built by the author (Myszczyszyn 2013b).
Moreover, despite its limitations, the social saving concept, (the ratio of price
elasticity of demand equals 0) together with consumer surplus can be employed
successfully in estimating the effectiveness of technological novelties supplanting
previous solutions. At this point, what proves crucial is to estimate not only savings
as a fraction of GDP, but also to define the degree of elasticity of the demand curve.
As the author showed, social savings can be relatively high assuming that the
demand is rigid, as then it is only the upper bound estimate of the savings produced.
As a result, by taking into account the level of elasticity of demand, the impact of
technological novelties on economic growth may be quite radically reduced. If it
turns out that demand is elastic, then consumers will respond strongly to the change
in price (ceteris paribus), which can lead to a lower demand for new good and
substantially reduce social savings from launching a novelty over a specific period
of time.
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