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Preface

Since 2003 the conference series Information Technology in Environmental

Engineering (ITEE) has established a platform for discussing the progress in

the field. During the 6th ITEE 2013 conference, practitioners and scientists met at

the Leuphana University Lüneburg (Germany) to discuss recent developments,

promising ideas, and new challenges in information management for supporting

sustainability efforts. The 7th ITEE in 2015 was hosted for the first time outside of

Europe in Port Elizabeth, South Africa. The conference aimed at highlighting the

impact companies and other large organisations have on limited global resources

and how this can be improved through the use of technology. Setting up smart

home and organisational environments to efficiently manage the consumption of

scarce resources such as water and electricity will be one of the themes of the

conference. Sustainability and integrated reporting is another key issue that will be

addressed. We were very pleased to welcome both international and national

researchers and professional representatives from industry to the conference.

The Conference Co-Chairs of ITEE 2015 and the editors of this book would like

to extend their gratitude to all those who made the conference a success and

contributed to this book. We would also like to thank all authors and participants

of the conference for their contributions. We greatly appreciate the commitment

and support of the programme committee, namely Kevin Naudé, Lester Cowley,

Andre Calitz, Jean Greyling, Kerryn Botha, Bianca Deyzel, Mareike Hinrichs,

Jean Rademakers, and Hayley Irvine. Special thanks must be extended to the

assistant editors Clayton Burger, Samantha Ludick, and Maxine Esterhuyse for

their assistance with checking of articles and editing assistance.

Oldenburg, Germany Jorge Marx G�omez

Port Elizabeth, South Africa Brenda Scholtz
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Contribution of Mobile Phones to Township

Livelihood Outcomes in the Western Cape

Province of South Africa

Unathi September, Upendo Fatukubonye, Kevin Allan Johnston,

and Brian O’Donovan

1 Introduction

Over the past few years poor communities in developing countries have increasingly

adopted mobile phones in their day-to-day activities, and projections suggest that this

will continue (Sife et al. 2010). There are many ways in which mobile phones can

contribute to livelihoods and quality of life among the poor in developing countries.

Mobile phones can quickly and easily transfer information at a relatively low cost, and

are not limited by many of the factors that have influenced other communication media

(Frempong2011).Despite this, the relationship betweenmobile phones, livelihoods and

the poor in developing countries has not been sufficiently understood (McNamara 2008;

Rashid and Elder 2009), partly due to mixed interpretations of the concepts of sustain-

able livelihoods and the poor and an inadequate understanding of the nature of mobile

phones. Therefore, it is of great interest to investigate how mobile phones contribute to

the livelihoods of communities that are deemed to be poor (Goodman 2005).

Even though there is enthusiasm for Information Communication Technologies

(ICT’s) potential to improve livelihood outcomes, there are still diverging views on

how mobile technology contributes to these (Andrade and Urquhart 2009). In

addition, a great deal of research has focused on poor communities who have

encountered ICTs as a result of a specific development initiative, like a telecentre,

rather than mobile phones (Sife et al. 2010).

The purpose of this paper is to explore the contribution of mobile phones to

livelihood outcomes amongst the urban poor in South Africa. This was done by

replicating a study done by Sife et al. (2010) in Tanzania. The study in this paper

was conducted in four Western Cape urban townships. The conditions provide a

unique opportunity to extend the understanding of the contribution of mobile
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phones to the improvement of livelihood outcomes among the urban poor in

South Africa. The study will thus be of value to both practitioners and researchers.

This paper is structured as follows: The following section reviews the literature

on the poverty in urban areas and summarizes past findings in the light of the

Sustainable Livelihoods Framework. The following two sections outline the

research methodology adopted, analyze the data and present the findings. The

final section summarizes the outcomes of the findings, discusses what lessons can

be learnt and offers some recommendations.

2 Literature Review

2.1 The Role of Mobile Phones in Poverty Reduction

South Africa has a long history of racial discrimination and divisions, which resulted in

poverty being concentrated in areas such as townships and rural areas. There are a

significant number of black South Africans in the townships classified as below the

upper bound poverty line (Adato 2007; Maki 2009). The percentage of the black

population below the poverty line was 66.8 % in 2006 and 54.0 % in 2011 (Statistics

South Africa 2014). Since 1996, poverty eradication has been one of the principal

focuses for the South African government. However, poverty still remains a concern

not only to South Africa but to other developing countries (Fan 2008). There are

conflicting views among the South African Government and other development stake-

holders with regards to the definition and measurement of poverty (Frye andMagasela

2005). Poverty can be defined indirectly using a monetary value, or directly by using a

set of indicators (Studies in Poverty and Inequality Institute 2007). The directmethod is

often expressed in terms of poverty lines or thresholds, referring to the income required

to avoid poverty, however conceptualised. The direct method uses a set of indicators,

which in some instances are combined to form an index (SARPN 2007).

The use of cash income as a poverty indicator in townships and rural areas is

limited, due to difficulties in obtaining accurate income data as people in these

circumstances rarely record their income (Samuel et al. 2005). However, socio-

economic characteristics such as households’ income earning activities, the quality

of housing of participating township dwellers, and the availability of basic services

such as water and electricity can be assessed (Everatt and Smith 2008). These

characteristics indicate the degree of poverty of the sample.

The success of ICTs in Western countries has created enthusiasm about their

potential for development in African countries. Many have advocated mobile phones

as the ideal way to solve socio-economic problems among the poor. This assumption

has sparked debates around the way in which mobile phones can contribute to improv-

ing livelihood outcomes. The poor are found both in townships and rural areas. A

common element in these areas is a lack of affordable access to relevant information

and knowledge, considered one of the main contributors to poverty (Bhavnani

2 U. September et al.



et al. 2008). ICTs can thus play a major contribution in alleviating poverty (Bhavnani

et al. 2008). Studies on the African continent (Mbiti and Weil 2011; Shackleton 2007;

Sife et al. 2010) have shown that the use of mobile phones has played a role in assisting

poverty eradication initiatives. A framework that is particularly useful for assessing this

contribution is the Sustainable Livelihoods Framework (SLF) (Levine 2014).

2.2 The Sustainable Livelihoods Framework

The SLF shows that poor communities operate in a context of vulnerability where

they have access to different livelihood assets (Fig. 1). Through different

transforming structures and processes, livelihood assets gain their value and mean-

ing. The vulnerability context influences livelihood strategies and brings beneficial

livelihood outcomes (Levine 2014; Sife et al. 2010). The vulnerability context

attempts to describe the extent to which people in that context can withstand the

impact of shocks such as fires, burglaries, and loss of employment, trends such as an

economic downturn, and seasonality such as a poor crop for a small farmer.

However, as Levine (2014) points out, explaining the context of vulnerability is

complex and no such context can be fully explained.

2.3 Livelihood Assets

Livelihood assets can be said to constitute livelihood building blocks (Farrington

et al. 1999). To a limited extent they can be substituted for each other. Thus, the

Key
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Fig. 1 Sustainable livelihoods framework (Levine 2014)
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poor may draw on social capital such as family or neighbourhood security mech-

anisms at times when financial capital is in short supply (Baumann 2002). There are

many variables that may influence mobile phones’ adoption and usage, including

the concept of the digital divide.

Physical capital refers to those physical aspects that influence mobile use such

as the phone itself, and access to electricity and other services. The ownership of

mobile phones in township communities is growing at an exceptional rate. In a 2009

study in one of the townships in the Western Cape, 75 % of respondents owned a

mobile phone, while the remainder (25 %) said they had used a mobile phone

(Kreutzer 2009). Sharing of mobile phones has been common in African countries

but more than half report that they do not share their phones (Aker and Mbiti 2010).

A mobile phone has become the most used ICT tool (Shackleton 2007) and is

inherently suited to remote areas with poor infrastructure (Kefela 2010). MTN has

been found to be the most popular network provider in South Africa with 86 % of

township respondents using it (Kreutzer 2009). Vodacom, the nation’s biggest

network, had only 15 % usage among township respondents while Cell C and

Virgin Mobile were even more distant (7.6 and 3 %, respectively) (Kreutzer 2009).

The government has initiated programmes to provide electricity, water and basic

services to the townships. It is clear that good progress has been made in urban areas

although the same cannot be said for rural areas (Everatt and Smith 2008). In a

survey of eight urban townships, it was found that 49 % had water in their homes,

44 % had water piped to their yards, 95.9 % had an electricity supply, and 1 % were

connected to an unpaid supply (Everatt and Smith 2008).

Financial capital generally refers to monetary resources available to access

livelihood options or possibilities (Duncombe 2006). Specifically, in urban town-

ships, it refers to sources of funds such as income from employment or micro

businesses, and government grants, and uses of funds such as household expendi-

ture and savings. Nearly half of the people in South African townships are not in full

time employment and rely on the informal or microeconomic sector, for example

hawking goods on the streets, or non-monetary exchanges such as bartering and

trade to satisfy their basic needs for essential goods and services (Barbarin and

Khomo 1997). Economic growth has been too low to absorb the ever-increasing

number of young people entering the labour market, and the policies and actions of

government, organised labour and business have together resulted in a growth path

that has been skewed in favour of joblessness (Tshoose 2010). The biggest items of

expenditure for the poor in South Africa (urban and rural) are food (about 50 %),

fuel and energy, and housing (each 7–8 % respectively) (Kreutzer 2009). However,

there have been reports of comparatively high levels of expenditure on mobile

phones by people in townships (Kreutzer 2009). Financial factors play a major role

in the use of mobile phones (Masiteng 2011). Diga (2007) found that communities

in developing countries have developed practices which seek to minimise the costs

of mobile phones which include sharing mobile phones and using multiple

sim-cards. Financial factors have an impact on the purchase of new mobile phones

(Aker and Mbiti 2010).
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Human capital refers to the skills, knowledge and ability to work in order to

access livelihood options or possibilities. Included in human capital are good health

and local formal and informal knowledge (Duncombe 2006). Some have argued for

a relationship between mobile phone users and level of education (Samuel

et al. 2005), while others maintain that there is no relationship as phone usage

only requires functional literacy (Sife et al. 2010). Large parts of the South African

population are living in educationally deprived situations (Evoh 2009). This affects

the extent to which some of mobile phone features can be used. The low cost of

SMSs and the ability to use indigenous languages are factors that have caused an

increase in SMS communication. In comparison to the United Kingdom where the

ratio of number of outgoing calls to outgoing SMS is 0.6:1, South Africa has a ratio

of about 3:1 for prepaid users. For rural communities in South Africa the ratio is

17:1. This highlights the impact literacy levels can have on the use of one of the

features of mobile phones (Warren 2006).

Social capital refers to aspects of social organisation that enable access to

livelihood options or possibilities (Duncombe 2006). Whilst social networks and

social relations are clearly social capital, norms and trust are important in this

capital. Social capital can be split into socio-cultural and socio-political capital and

natural capital can be omitted as it does not have sufficient relevance for ICT.

2.4 Transforming Structures and Processes

Livelihood structure and processes include those aspects of public, private and

non-governmental organisations that combine to set policy, deliver services or

goods that affect the possibilities for livelihood possibilities. Mobile phone users

in townships face technical challenges like weak network signals in certain geo-

graphical areas and unreliable electricity supply (Buys et al. 2009). Mobile phone

service providers consider installing cell towers in sites where there is a high

demand, low installation costs and low maintenance costs. The ease of access to

these sites and topography are one of the major determinants of whether a cell tower

should be installed or not (Buys et al. 2009). The effects of low income has paved a

way for innovative means to reduce costs while at the same time communicating

messages effectively and MXit is one such innovation (Diga 2007).

2.5 Livelihood Outcomes

Using livelihood assets, people are likely to pursue multiple activities and out-

comes. They may, for instance, depend on their own farming, sell their labor

locally, or migrate to other areas to find work, all within the same year. Outcomes

will neither be simply monetary, nor even tangible in all cases (Baumann 2002).

Contribution of Mobile Phones to Township Livelihood Outcomes in the Western. . . 5



In terms of financial capital outcomes, mobile phones have contributed towards

sending and receiving money in developing countries through the use of M-Pesa, a

mobile money service which reached approximately 38 % of Kenya’s adult popu-
lation in 2010 (Jack and Suri 2010). Mobile phones can impact human capital

outcomes since they are vital for the success of small and micro businesses

(Stillman et al. 2010). The use of mobile phones for business activities in rural

areas has enabled business owners to access better markets and directly communi-

cate with customers (Sife et al. 2010). In contrast, in urban areas, micro business

owners are more likely to use mobile phones for personal rather than business

communication (Chew et al. 2010).

Socio-political capital outcomes have not shown much impact from mobile

phone use. Despite its promise there is little evidence of mobile phone owners

benefitting from e-governance in developing countries (Reijswoud and Jager 2006).

Governments of developing countries continue to lag in providing people with

services using mobile phones or internet (West 2006). The non-availability of

government information to the public is one of the reasons why there is minimal

communication between government and people (Rao 2009).

Mobile phones play a vital role in socio-cultural capital outcomes since they

promote maintaining social relationships amongst friends and families (Goodman

2005). Many find it more cost effective to call relatives and friends instead of

travelling to see them (Goodman 2005; Kreutzer 2009). Social activities such as

burials, weddings, community meetings and religious activities form an important

part of the life of communities in developing countries. Mobile phones frequently

contribute to the arrangement of these social activities (Sife et al. 2010). Mobile

phones are regularly used to initiate some form of inter-personal communication

(Donner 2007; Kreutzer 2009). Not surprisingly the number of calls made, and

number of text messages sent increases with income (Samuel et al. 2005). Low

income users have found clever ways to minimise their call costs. Examples are the

use of ‘please call me’ messages or ‘beeping’. Over the past years, the number of

mobile phone features other than communication has been rising. Almost all new

mobile phones provide the ability to play music, take pictures, record videos, and

play games (Tshoose 2010). Several mobile phone manufacturers have developed

special phones in recent years that have omitted some of these features in order to

provide more affordable phones (Kreutzer 2009). In one study, 12 % of respondents

owned one of the most prominent no-frills kinds of phones (Nokia’s 1100

and 1600).

2.6 Identified Gaps and Expected Contribution of the Study

In spite of the increasing recognition of the potential impact mobile phones could

have on improving livelihood outcomes, there is still debate on the ways in this can

be achieved among the poor. Many researchers are still concerned about the lack of

evidence on how mobile phones are linked to livelihood outcomes in poor areas.

6 U. September et al.



The available evidence on the topic is considered largely subjective and dominated

more by promises than reality (Kenny 2002). Few research studies (Goodman 2005;

Samuel et al. 2005) have attempted to understand the relationship between mobile

phones and livelihood outcomes among the poor in South Africa and even in

developing countries (McNamara 2008). Thus this study is important as it adds to

the body of knowledge on this subject.

3 Research Method

Using the SLF, this quantitative study explored how mobile phones contribute to

township livelihood outcomes and poverty reduction. The framework was used in

order to ensure that important aspects of livelihood outcomes were considered. A

questionnaire, adapted from the study conducted by Sife et al. (2010) was used to

investigate demographic characteristics, socio-economic status, access and usage of

mobile phones, the contribution and restrictions of mobile phones to livelihood

outcomes. The questionnaire consisted of closed-ended questions with tick boxes

and Likert type scales. This study was conducted in four different Western Cape

urban townships, namely Gugulethu, Khayelitsha, Mandalay and Langa. These

areas were chosen because they have easily accessible community centers and

churches. This was important as there were challenges in finding respondents

who were willing to answer the full questionnaire because of the number of

questions that they had to answer. The sample size for the study was 89 respondents

randomly selected in those townships. This will limit the generalisability of the

results but will contribute to a better understanding of the use and benefits of mobile

phones among the poor.

4 Results and Discussion

The analysis of the results was structured around the SLF commencing with the

context of vulnerability. One of the key aspects of the context of vulnerability is

demographic characteristics (Levine 2014). In this study, 79.8 % of the respondents

were between the ages of 18 and 40. This finding supports other research where it

was found that most mobile phone owners come from the 25–45 age groups

(Kreutzer 2009; Sife et al 2010). Those between 25 and 45 years of age are regarded

as the active cohort with the capability of adopting new technologies such as mobile

phones (Sife et al. 2010).

Contribution of Mobile Phones to Township Livelihood Outcomes in the Western. . . 7



4.1 Livelihood Outcomes

In terms of physical capital, the proportion of households connected to electricity

was reported by the respondents to be 98.9 %. This is close to the findings of Everatt

and Smith (2008) where 95.9 % had an electricity supply. The proportion of poor

households connected to piped water was reported by the respondents to be 86.5 %.

In the Everatt and Smith (2008) survey the corresponding figure was 93 %. The

number who reported living in houses including rented as well as owned houses was

75.3 %. This statistic ties in with the national census of 2011 where 77.6 % lived in

formal houses, 7.9 % in traditional houses and 13.5 % in informal houses (Statistics

South Africa 2011).

In the section on financial capital, more than half of the respondents (66 %)

reported that they had formal employment, with the majority being domestic

workers, security guards and teachers. Twenty seven per cent of the respondents

were involved in small or micro businesses such as electric repairs, handy-man, and

selling recharge vouchers. Households that depend on grants as their only reliable

income source, or depend on small unstable businesses, are regarded as poor. The

percentage in full time employment is higher than that reported by Everatt and

Smith (2008). Households that are regarded as structurally poor often have no

formal work or depend only on one formal job that is insufficient given the

household size (Adato et al. 2006). Despite the apparent low levels of income,

this study found that the respondents spend on average R35.25 ($3) per week on

mobile phones. Compared to the study by Kreutzer (2009), there is a difference of

R5.51 which may be due to inflation.

Responses to questions related to human capital revealed that 27 % of the

respondents had adult or post-secondary school education, 53 % had attended

high school, while 18 % had only attended primary school. These demographics

are a characteristic of poor township inhabitants (Krueger and Maleckova 2003;

Tilak 2006). Krueger and Maleckova (2003) argue that there is a relationship

between the level of education and poverty. People with no education or with

only primary or high school level of education are most likely to be poor as it is

higher education which provides skills that could be useful in the labour market.

Even if primary and high school imparts some valuable attributes, in terms of

attitudes and skills they are not sufficient to alleviate poverty (Tilak 2006). It is

usually higher education that can take people above the poverty line by increasing

the social, occupational and economic mobility of households.

With regards to social capital, all respondents reported that they had previously

used a mobile phone to initiate at least one inter-personal communication (not just

receiving them), which includes making a phone call or sending an SMS. More than

half (54 %) preferred making phone calls to sending SMS. The respondents use

mobile phones mostly for personal communication and entertainment. Despite this,

42 % of the respondents had mobile phones with Internet connection and features

such as radio, camera and music player. These results contradict Kreutzer’s (2009)
findings that poor people in developing countries tend to use the ‘no-frills’ kinds of

8 U. September et al.



mobile phones. Several mobile phone manufacturers have developed special

mobile phones which have these features and are still sold at a cheaper price. Of

the respondents, 52 % felt that the high cost of phones was not a constraint or only a

slight constraint.

4.2 Transforming Structures and Processes

Respondents were presented with a list of possible constraints to livelihood out-

comes and were asked to indicate the degree to which mobile phones had contrib-

uted to each. The degree of impact was indicated by a four-point Likert type scale

(1¼major constraint, 2¼ constraint change, 3¼ slight constraint, 4¼ not a con-

straint). Thirty-six per cent of the respondents reported subscribing to more than

one network. One reason for this was discussed under financial capital. By a small

margin (4 %), MTN was found to be the most popular network with 47 % of

respondents using MTN, followed by 44 % using Vodacom. Almost a quarter of the

respondents were using Cell C (25 %) and only 1 % using Virgin Mobile. These

findings support the findings of Kreutzer (2009), who maintains that MTN is the

most popular within townships followed by Vodacom and Cell C. The reason for

respondents opting to use MTN may be due to its reliability, as 78 % of respondents

reported high network connections with MTN. Most (66 %) did not find their

network weak or unreliable. In addition, 71 % had little or no difficulty with a

lack of electricity supply.

Most respondents 64 % did not feel that they had any difficulty in getting mobile

services, particularly recharge vouchers. This could be because of the increasing

number of small businesses that deal in mobiles and sell recharge vouchers in the

townships. Some of the respondents (12 %) generated income from selling recharge

vouchers. Two-thirds (67 %) of respondents reported that a weak and unreliable

network is one of the constraints in townships for mobile phone users. This could be

as a result of lack of advanced network infrastructure to support the increasing

number of mobile phones in less developed geographical areas. Weak signals in

certain geographical areas in developing countries are still influencing mobile

phone use (Buys et al. 2009).

4.3 Livelihood Outcomes and Mobile Phones

The respondents were presented with a list of possible livelihood outcomes and

were asked to indicate the degree to which mobile phones had contributed to each

(Table 1). The degree of impact was indicated by a four-point Likert type scale

(1¼worsened, 2¼ no change, 3¼ improved, 4¼ greatly improved). A mean score

of 2.5 and above denoted that mobile phones have contributed positively towards a

Contribution of Mobile Phones to Township Livelihood Outcomes in the Western. . . 9



livelihood outcome, whereas a mean score of 2.4 and below denotes a negative

contribution.

4.3.1 Financial Capital Outcomes

The respondents indicated a mean score of less than 2.4 for mobile phone contri-

bution towards improving business. Out of 67 respondents who answered the

question, more than half (55 %) said mobile phones did not contribute to their

businesses, and 9 % said the status of their businesses was worsened. These results

are in accordance with the literature (Chew et al. 2010). However, in a rural

environment Sife et al. (2010) found that mobile phones have a significant contri-

bution towards businesses. The latter study, conducted in Tanzania, focused more

on business owners in the agricultural sector, while in the Western Cape townships

most business owners have micro trading businesses. The responses on the contri-

bution of mobile phones to household income showed that 50 % believed that their

Table 1 Contribution of mobile phones to rural livelihood outcomes

Livelihood and

poverty aspects

Poverty and

livelihood

aspect N Worsened

No

change Improved

Greatly

improved Mean

Relationships/con-

tacts with friends/

relatives

Sc 88 4.5 11.4 48.9 35.2 3.1

Arranging social

functions

Sc 80 5.0 30.0 43.8 21.3 3.1

Contact with

members of

groups/networks

Sc 88 5.7 25.0 31.8 37.5 3.0

Help in case of

emergencies

H 88 5.7 25.0 31.8 37.5 3.0

Improving effi-

ciency of daily

activities

H 85 5.9 23.5 47.1 23.5 2.9

Arranging travel-

ling/transport

H 85 5.9 23.5 47.1 23.5 2.9

Improving

business

F 67 9.0 55.2 23.9 11.9 2.4

Contributing to

household income

F 88 13.6 50.0 29.5 6.8 2.4

Sending/receiving

money

F 84 6.0 58.3 33.3 2.4 2.3

Communicating

with government

depts.

Sp 79 11.4 55.7 24.1 8.9 2.3

S social capital, Sc socio cultural, Sp socio political, F financial capital, H human capital
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household income had not been improved by mobile phones, and 13.6 % believed

that it had worsened.

Nearly two thirds of respondents (64 %) indicated that the ownership of a mobile

phone has not significantly contributed towards sending or receiving money

(μ¼ 2.3). This is in contrast to Jack and Suri (2010) and Ngugi and Pelowski

(2010), who suggest that mobile phones have contributed towards sending money

through services like M-pesa. One possible reason for this difference could be the

lack of awareness of services such as M-pesa, another could be that in

South African urban townships banking facilities are more accessible to dwellers.

Nearly one quarter (23 %) of respondents indicated that low income is a major

constraint to using mobile phones. A further 47 % indicated that low income is at

least some constraint to use. Fifteen percent of respondents felt that the high cost of

mobile phones is a major constraint on the use of mobile phones and a further 56 %

indicated that the high cost is at least some constraint. These results confirm the

contention that financial factors strongly influence the use of mobile phones

(Masiteng 2011; Warren 2006).

4.3.2 Human Capital Outcomes

Almost four-fifths (79 %) of respondents believed that ownership of a mobile phone

has a positive (improved or greatly improved) contribution to receiving support in

emergencies (μ¼ 3.0). The results are not a surprise since Western Cape townships

are characterised by high crime rates and are far from social services such as

hospitals. These results support the contention that mobile phones contribute

positively to assisting in times of emergency (Gough 2005; Sife et al. 2010).

Over four-fifths (83 %) of respondents indicated a positive contribution to the

efficiency of daily activities (μ¼ 2.9). These results support Sife et al. (2010),

who reported that mobile phones are helpful in enabling township dwellers to

perform their daily activities efficiently. This could also have a social capital

implication as mobile phones are frequently used for the arrangement of social

events (Sife et al. 2010).

Despite the argument that education levels impact negatively on mobile phone

use (Evoh 2009), 46 % reported that education levels were not a constraint and a

further 20 % reported a slight constraint. Additionally, 71 % felt that a lack of skills

placed little or no restriction on the use of a mobile phone. It is a surprise to find that

60 % felt that difficulties with English were not a constraint and a further 13 % felt

that it was a slight constraint. These findings contradict those of Warren (2006) but

the reason is that many use SMSs heavily and these can be in indigenous languages.

4.3.3 Socio-cultural Capital Outcomes

Contacting friends and relatives was the most significant advantage of using mobile

phones reported. Nearly all (95 %) of the respondents indicated that mobile phones

Contribution of Mobile Phones to Township Livelihood Outcomes in the Western. . . 11



had significantly improved or greatly improved their relationships and contacts with

friends and relatives. The mean score of 3.1 shows a highly positive response. The

findings show that mobile phones had a positive impact on membership in groups or

networks, a Social Capital aspect (μ¼ 3.0). The findings support earlier studies

(Goodman 2005; Kreutzer 2009) that found that the use of mobile phones contrib-

utes to improved social relationships. These findings suggest that mobile phones

allow respondents to overcome communication challenges caused by long distance.

Using mobile phones for communicating with family and friends outside the

township area could reduce or eliminate travelling costs.

Almost two-thirds (65 %) of the respondents reported that mobile phone usage

had either improved or greatly improved coordination of social activities. With the

large numbers of social events, such as funerals and religious events in townships, it

is not a surprise that mobile phones have contributed positively towards coordinat-

ing social events (μ¼ 3.1). According to Sife et al. (2010), the use of mobile phones

play a vital role in coordinating social events, subsequently reducing time and

financial costs associated with arranging social functions. Over two-thirds (70.6 %)

of the respondents indicated that mobile phones have contributed positively

towards transportation and travelling issues. These results support the contention

that mobile phones reduce the need to travel or simplify travel and transport

arrangements, thereby saving time and money (Sife et al. 2010).

4.3.4 Socio-political Capital Outcomes

Mobile phone contribution towards communication with government departments

was one of the lowest of the livelihood outcomes that were investigated (μ¼ 2.3). It

is clear that mobile phones have not yet played a significant role in improving

communications with government departments. These findings could be as a result

of lack of awareness among township dwellers about what the government could

provide for them. These results support the argument that there is little evidence to

show that communication with government has been improved by mobile phones

(Reijswoud and Jager 2006; West 2006).

5 Conclusions

The overall findings of this study have shown that mobile phones contribute to

township livelihood outcomes in respect of human and social capital but had little to

no impact on financial and physical capital. The impact of mobile phones on human

capital was shown in the positive contribution to receiving support in times of

emergency and to the efficiency of daily activities. Education levels and lack of

skills were not considered constraints on mobile phone use. Few feared using

mobiles and did not find a lack of English a constraint. The impact on social capital

was reflected in a positive contribution to relationships, contacts with friends and

12 U. September et al.



relatives and coordination of social events, and transportation and travelling

arrangements.

Mobile phones were not considered to make any significant contribution to

improving incomes of township dwellers, in sending and receiving money, in

changing the status of the business, and in communication with government

departments. The study identified a number of constraints facing township inhab-

itants in relation to mobile phone usage. Some of these identified were: high costs of

mobile phones; low income; weak or unreliable networks and high costs of mobile

phones. However, difficulties in getting airtime recharge vouchers were not one of

the major constraints of using mobile phones in township areas.

This study’s experiences suggest further research with larger sample sizes to

help generalise the findings. In addition, research using a qualitative method could

be conducted, where findings could be used to support and expand the findings of

this study. Notwithstanding, this study has been able to show the relationship

between mobile phones and livelihood outcomes.
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An Application to Support Sustainability

Management in the Cuban Energy Sector

Frank Medel-González, Lourdes Garcı́a-Ávila, and Jorge Marx G�omez

1 Introduction

Protecting the environment is one of the major challenges of businesses today. The

majority of organizations are aware of their responsibility to the environment and

society, however a limited number can turn their environmental and social strategic

plans into action and can manage the timely generated sustainability information to

facilitate the decision making process. The treatment of sustainability information

and identifying a limited number of key indicators should help managers to make

better decisions about corporate sustainability (CS) behavior. Information technol-

ogies (IT) can play an important role in sustainability management, specifically in

the evaluation of sustainability performance (Medel-González et al. 2013).

The principal benefits of web applications are (Page and Rautenstrauch 2001):

• Increase the availability and the quality of data

• Decrease co-ordination efforts and time optimization

• Reduce time for data manual reports of different treatment

• Homogenize data structures

• Eliminate data redundancy

Web applications for information management can facilitate sustainability

reporting and management and a number of examples can be observed (Freundlieb

and Teuteberg 2012; Giesen et al. 2010; Johnson et al. 2014). In recent years there has

been a range of techniques and frameworks developed that facilitate the development
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of dynamic web applications that can play a decisive role in the development of

applications to support and manage the data generated by organizations. Despite these

advances in Cuba, there are still gaps in relation to the assessment of sustainability

performance as an internalmanagement process in organizations. An additional gap is

the failure in the information technologies support associated with the big data

volumes to provide decision makers with a view of the progress and setbacks in

business performance to assess the organization.

The main purpose of the paper is to present the design of a software application

that supports the management of sustainability indicators and an overall index of

sustainability performance evaluation, thereby allowing business performance

evaluation and support for the process of sustainable decision-making.

2 Corporate Sustainability and Sustainability

Management

Businesses have the responsibility in the process of transition to an improved sustain-

able development (SD). SD is a social concept and is being increasingly applied as a

business concept under the concept of corporate sustainability (Steurer et al. 2005).

The first definitions of corporate sustainability were a faithful translation of the

concept given in “Our common future” report raised at corporate level. CS generally

had the ability to allow organizations tomeet their needs without compromising future

needs of the organization and their stakeholders (Deloitte and Touche 1992; Hockerts

2001). Sustainability requires businesses to consider the environmental, social and

economic aspects at the same time. If an organization is able to manage the risks and

the opportunities holistically, it will lead to increased business success (Seidel 2013).

Managing corporate sustainability is a major challenge for companies to demon-

strate their contribution to sustainable development in spite of the difficulties in

measuring the performance of the corporate sustainability (Lee and Farzipoor Saen

2012). Sustainability management is the formulation, implementation and evaluation

of both environmental and socioeconomic sustainability-related decisions and actions

(Starik and Kanashiro 2013). The main objective of corporate sustainability manage-

ment is balancing the organizational performance in the economic, social and envi-

ronmental improvement opportunities identified simultaneously (Figge et al. 2002;

Lee and Farzipoor Saen 2012; Macedo and Queiroz 2007; Schaltegger and Burritt

2005). Sustainabilitymanagement includes the internal development of environmental

and socialmeasures as well as the external contribution to the sustainable development

of society and the economy (Johnson 2015). Both concepts have an indissoluble

relationship and have extreme significance tomake the organizationsmore sustainable

and reduce their negatives impacts and maximize the positive impacts.

Cuba is not immune to these international trends and in 2010 initiated the

“National Program of consumption, sustainable production and efficient use of

resources from 2010 to 2015”. The main objective of the program was “. . . to
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promote changes in production, consumption and use of resources at the national

level, in order to contribute to economic and social development on a sustainable

basis . . .” (CITMA 2010). Other objectives of the program were to contribute to the

sustainability and efficiency of Cuban business management. More recently, in

2011, the “Guidelines of the Economic and Social Policy of the Revolution” was

released. Guideline 133 stated that to “Sustain and develop comprehensive research

to protect, conserve and rehabilitate the environment and adapt the environmental

policy to new economic and social projections” (PCC de Cuba 2011) was a priority.

This shows the importance of the topic and the attention paid by the Cuban

government. However, despite all efforts in Cuba, there are still large gaps in

relation to sustainable performance evaluation as an internal management process

for organizations, to facilitate the decision-making process based on key informa-

tion associated with entrepreneurial behavior.

3 IT and Business Sustainability

Information technologies can play an important role in sustainability management,

specifically in sustainability performance evaluation. Examples of the potential of

IT include the collection of data on inputs and outputs of different processes,

processing and storage of large volumes of data and the dissemination of informa-

tion to different stakeholders (Page and Rautenstrauch 2001). In recent years

software tools have been developed to help organizations in the process of sustain-

ability reporting. Decision Support Systems are emerging as a suitable solution in

the field of sustainability planning and control of complex systems (Filip 2008).

Some of the most prominent specialized tools are: SAP Sustainability Performance

Management (SuPM), Enablon SD-CSR, SoFi, credit360 and STORM. All of these

tools presented offer similar functionality regarding their reporting capabilities

(Rapp and Bremer 2013). Another important tool is OEPI, which is related to

environmental performance indicators. A fundamental goal of OEPI is to bridge

the gap between various sources and types of environmental information and users

of different backgrounds by providing an integrated information source (Bracher

2013).

In Cuba, organizational information related to sustainability has become difficult

to collect. The best results are in the field of environmental statistics in government

official reports. The businesses need provide answers to key questions such as: what

to measure? how to measure? and when to measure? These questions remain

unanswered for many organizations and organizations indicate that they experience

difficulties in obtaining the required information.

An additional problem is the information storage and availability which leads to

the lack of IT support on sustainability performance evaluation. In recent years it

has been an important concern in the Cuban business sector due to the fact that it

hasn’t been covered properly and it has inclusively found limitations in research

and practical applications from the IT perspective.
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4 Methodology

The research problem was identified as the lack of software tools in Cuba for

sustainability assessment, to integrate consistent indicators related to the needs of

company management and limitations in information technologies to support

environmental and social data volumes, associated to environmental and sustain-

able performance. The System of Sustainability Performance Evaluation (SySPE)

was designed to fill the gap in relation to the support of IT in the sustainability

performance evaluation. The energy sector was selected in order to prototype the

implementation of the application, SySPE in four power plants.

The research method to develop the application was a multi-methodological

approach to Information System research called System Development

(SD) (Burstein 2002; Nunamaker and Chen 1990). This method was used for the

research through exploration and integration of available technologies to produce

an artefact (Burstein 2002). According to Burstein (2002) and based on Nunamaker

and Chen (1990) the systems development method consists of three steps: (1) con-

cept building: investigating the functionality and requirements of the system and

studying other disciplines for other ideas and approaches; (2) system building: the

construction of the prototype system through the following steps: develop a system

architecture, analyze and design the system and build the (prototype) system; and

(3) system evaluation. SD can be useful to consider as part of the exploratory stage

of an IS study.

5 Building the SySPE Prototype

The first stage of building the prototype was oriented to identify the functionality of

the system. The objective of the application is to support sustainability management

in distributed generation power stations in Cuba. The application utilizes a set of

indicators distributed over the three pillars of sustainability, in a traditional Sus-

tainability Balanced Scorecard perspective, to conform to a Corporate Index of

Sustainability Performance (CISP). The CISP synthesizes the progress or setbacks

in corporate sustainability performance in an index to verify in a simple and

continuous way if the administration efforts, organizational management instru-

ments and environmental training are transformed into a better sustainability

performance. In order to make operative corporate sustainability measurement, a

network structure should be defined by the organizations. The CISP design is based

on the three sustainability pillars: (1) economic, (2) environmental and (3) social,

all distributed over the four perspectives of SBSC. The indicators are grouped into

the perspectives and could have relationship amongst them (Fig. 1).

The CISP (value range 0 � ri j � 1) formula is shown below (Formula 1) and it

depends on three elements: (1) wpi the relative weight of the perspective i, (2) wiij
the relative weight of the indicator j in the perspective i and (3) rij Rate or
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normalized value of the indicator j of the perspective i. This formula measures the

sum of contribution of each indicator in relation with their goal. CISP represents the

accomplished level of the indicator goals in each perspective.

CISP ¼
X4

i¼1

Xn

j¼1

wpi*wii j*ri j ð1Þ

The rij (value range 0 � ri j � 1) is used to normalize different units among the

indicators and made use of two values (1) xij: Numeric value of the indicator and

(2) Goal{xij} is the indicator defined goal (see Formula 2).

ri j ¼

xi j

Goal xi j
� � if xi j satisfies the condition“more is better”

1 if xi j � max xi j
� �

“more is better”
Goal xi j

� �

xi j
if xi j satisfies the condition“less is better”

1 if xi j � min xi j
� �

“less is better”

8
>>>>>><
>>>>>>:

ð2Þ

Fig. 1 CISP architecture with Super-decisions software (Medel-González et al. 2013)
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A complementary concept is introduced to complement the CISP and is the

Improvement Potentials (Formula 3). It has the objective of identifying the most

negative and influential indicators in relation to the CISP value.

Improvement Potentialsi j ¼ wpi*wii j* 1� ri j
� � ð3Þ

The software Super decisions is used to calculate the relative weight of indica-

tors and perspectives using the judgments of an experts group. The calculus is of

importance and should be done every 2 years.

For the CISP, the environmental organizations group defined a scale to translate

the numeric value into a natural language: below 0.65 the CISP value is Poor and the

maximum CISP value has four categories: deficient, regular, good and very good.

5.1 Elements of the SySPE Design

Based on the analysis of CISP for sustainability management of companies, actors,

user cases, structure, technology and architecture were defined for SySPE applica-

tion. In relation to the actors, two types of generics users were identified: (1) authen-

ticated users and (2) not authenticated users. Authenticated users can be:

administrators, quality specialists, data owners and decision makers.

The different user cases were identified for the SySPE application (Fig. 2). First,

the administrator’s role must be considered. This has the management and user

management role associated with it. Secondly, the quality specialist’s role relates to
defining, deleting and modifying nomenclatures and indicators assigned to the

Fig. 2 System use cases distrusted over the business levels
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perspectives. Thirdly, the data owner’s role is connected with the capture of

indicators and is responsible for recording the sustainability indicators. Finally,

the decision maker is linked to the reports visualization generated by the system

from the sustainability indicators and indices.

SySPE has three main modules (Fig. 3). The first one will be related to the

collection and storage of indicators information defined by business managers,

regulatory organizations and the experts group. The perspective definitions belong

to this module too. The administrator should define the four perspectives of SBSC.

Other functionalities are the update, modification or elimination of information.

These actions will be restricted to a small group of users that could interact with the

module system.

The second module will have the objective of setting the sustainability indicators

defined over the SBSC perspectives. The second task is to assign weights to

selected indicators and perspectives to calculate CISP. This module will be

restricted to a small group of users. The third module allows users to visualize

the behavior of CISP and sustainability indicators along a period and represent the

behavior of indicators and indexes graphically. This module is expected to be used

by the Business Intelligence and Reporting Tools (BIRT) for report generation.

1. Module for data collection

3. Module for graphic representation and report generation

2. Module for indicators aggregation 

Economic                  
data

Environmental              
data

Social and stakeholders 
data

Fig. 3 Initial modules of SySPE application
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5.2 Architecture and Technologies

The architecture of SySPE can be observed in Fig. 4. The technologies used for

application development varies. The MySQL GUI v8.82 was used as a database

manager to support the storage of data related to the application. The Propel Object

Relational Mapping eliminates incompatibilities between the relational database

language and object-oriented programming; converting the database schema XML

in data objects, making it possible to access and manipulate objects without

considering how they are related in correspondence to the data source. In order to

control the access to the database, the framework implemented a Model View

Controller architectural pattern, achieving the modularization of the application,

to re-use code and make use of several user interfaces. The application uses Eclipse

as an integrated development environment for developing the open source applica-

tion platform SySPE. This platform has typically been used to develop integrated

development environments.

Ext JS was used and is a JavaScript library for developing interactive web

applications using technologies such as AJAX, DHTML and DOM. It has a set of

components to include in a web application, such as boxes and text areas, fields for

dates, numeric fields, combos, HTML editor, toolbar, Windows-style menus and

panels divisible into sections. The Business Intelligence and Reporting Tools

(BIRT) is a technology used in the application. It is a project of open source

SySPE

Data Base
MySQL

Zend Framework (PHP5)

Ext JS (Java Script)

HTML

Data Base of 
other systems 

Fig. 4 Proposal architecture for SySPE
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software that provides capabilities for reporting and business intelligence for web

applications. BIRT also includes a graphics engine that is built into the report

designer and can also be used separately to include graphics in an application.

Finally the XAMPP is used as server independent platform, free software which

consists mainly of the MySQL database, Apache web server and interpreters for

scripting languages: PHP and Perl. This program is licensed under the GNU web

server acts as free, easy to use and capable of interpreting dynamic pages.

6 SySPE Application Interfaces

A number of aspects were taken into account for the interface design to facilitate the

user’s interaction (uses). The main menu contains all the possible applications

functionalities and has the following elements:

• Administration: allows users to manage charges and roles

• Nomenclatures: in this menu can be defined the indicators, ranges (goals),

indicators classifications, perspectives, activities, eco balances, impacts, strate-

gic objectives, processes and risks are defined and included

• Actions-risks: propose actions to minimize environmental risks

• Captures: enable capturing records of predefined indicators

• Perspective-indicator: allows establishment of the relationship between the

perspectives and the indicators and to set the relative importance of the

indicators

• Risk-activities: assign the identified risks to the organization activities

• Reports: display reports defined in the application to assist decision makers

The system has sufficient error handling capabilities and avoids different mis-

takes in relation to the data capture activities. When the application detects an error,

its displays a message with a red symbol and a concise text message is displayed

that allows the user to identify the error.

Regarding the reports generation, different types of graphs can be displayed for

the decision making process. The decision making users can consult all the indica-

tors defined in the organization and their attributes like measure units, tendency

(maximize or minimize indicators), goals and the last value of ri j calculated. The
perspectives contributions to the CISP can also be reported. It describes the

organization’s performance in the different areas such as: Financial, Stakeholders

and Customers, Internal Process and Learning and Growth (Fig. 5a). Other reports

of SySPE are the indicators related to the Stakeholders’ perspective. These are

shown in the dashboard graphics (Fig. 5b). Another important report is the improve-

ment potentials. It offers the possibility to visualize the indicators who most affect

the CISP (Fig. 5c). The application also provides the CISP calculation.
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Fig. 5 Principal SySPE reports: (a) CISP contributions by perspective, (b) stakeholders indicators

and (c) improvements potential by indicators
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7 Limitations and Outlook

Currently the full implementation of the application is being completed. A primary

objective is the steady generalization of data in the different business units,

allowing information gathering associated with the organization’s performance.

The limitation of this paper is that it only covers two of the three steps of the

research methodology and the evaluation of the systems will be probed by a case

study of user behaviors and the implementation in the power plants.

In the future, the goal is to synchronize the SySPE application with the IT-for-

Green project specifically in the third module related to Sustainability Reporting

and Communication.

8 Conclusions

The integration of different technologies can help organizations to support the

information related business sustainability performance and help the decision

makers in sustainability management process as well. In order to support sustain-

ability management in organizations, the design process allowed identifies the

application roles, and user cases associated in different hierarchical levels of the

organizations. A comprehensive and scalable architecture and applications modules

were defined using accessible technologies.

SySPE provides a valuable tool to support the storage, retrieval and integration

of different indicators, facilitating the calculation and graphical representation of

CISP and improvement potentials. The application resolves one of the short com-

ings of business sustainability performance evaluation in Cuban organizations.
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A Framework for Environmental

Management Information Systems in Higher

Education

Brenda Scholtz, André P. Calitz, and Blessing Jonamu

1 Introduction

Higher Education Institutions (HEIs) have been called on not to be bystanders as the

world faces increasing environmental issues and to take action and be pioneers in

driving environmental sustainability into the community (Savely et al. 2007). There

has been increased interest in the topics of environmental sustainability and manage-

ment of environmental information at HEIs. This is particularly evident in Europe,

the United States (U.S.), Asia, Australia, Canada and South America where several

studies (Disterheft et al. 2012; Fonseca et al. 2011; Jones et al. 2011; Velazquez

et al. 2006) have reported efforts at reducing environmental impact in HEIs. This

could be as a result of the pressure which is being placed on these institutions by

Environmental Protection Agencies, stakeholders, governments and non-government

organisations to act responsibly towards the environment (Savely et al. 2007).

This internal and external pressure on HEIs has prompted them to follow the

industry trend of developing environmental programs and systems (Bero

et al. 2012). The United States of America’s Environmental Protection Agency

(EPA) highlighted that the environment has become everyone’s business and

everyone now has a right to access high quality environmental information (EPA

2009). A key factor for achieving environmental sustainability is the management

of this environmental information (Bero et al. 2012; Speshock 2010). HEIs have a

unique set of challenges with regards to environmental information management

and these are different to industrial contexts (Bero et al. 2012; Kamal and Asmuss

2013). The benefits of having environmental information readily available include

well informed and improved decision making which facilitate the reduction in the
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environmental footprint of the institution, in terms of a reduction in water usage, an

improvement in energy efficiency and a reduction in pollution (Jones et al. 2011). It

can also raise the environmental awareness of the institution’s community which

includes students, staff members and external stakeholders.

According to Velazquez et al. (2006), a HEI is considered to be a sustainable

institution if the institution addresses, involves and promotes the minimisation of

negative environmental, economic, social and health impact of daily activities

involved in the functioning of the institution. Sustainable universities have influ-

ence to the extent that they help regional or global societies to transition to a

sustainable livelihood. Whilst the importance of environmental sustainability and

the relevant role of environmental information management and reporting in higher

education has been emphasised in HEIs, until recently Africa has been lagging

behind (Bosire 2014) and research studies in this field are limited. In South Africa

there is escalating pressure on HEIs to report on sustainability since the Department

of Higher Education and Training recently published a government notice dictating

that it is mandatory that public HEIs report on environmental impact effective from

the year 2015 (Department of Higher Education and Training 2014).

Most aspects of environmental sustainability are tightly dependent on the avail-

ability and accessibility of correct and current environmental information

(El-Gayar and Fritz 2006). Organisation stakeholders need access to environmental

information to evaluate and assess the environmental dimension of organisational

decisions, both at a managerial level and at a strategic level. Hence, environmental

sustainability requires correct Environmental Information Management (EIM).

However a lack of coordinated effort and poor decision making with regards to

achieving environmental sustainability in HEIs has been reported in some studies

(Bosire 2014; Jones et al. 2011). This poor decision making can be attributed to the

lack of efficient processes, structures and information systems which support

centralised environmental data sources and eliminate information silos in different

departments, faculties and campuses (Bero et al. 2012; Jones et al. 2011; Velazquez

et al. 2005).

The most predominant initiative to enhance environmental sustainability in HEIs

is the implementation of Environmental Management Systems (EMS) at these

institutions (Disterheft et al. 2012; Jones et al. 2011). The ISO 14001 standard,

specified by the International Standards Organisation (ISO), defines an EMS as a

part of a management system that consists of planning activities, processes, pro-

cedures and resources for developing and maintaining of environmental policies

within an organisation (ISO 2004). An EMS is not a computer system but rather a

set of management tools and principles designed to aid an organisation to incorpo-

rate environmental concerns in their daily business activities (Speshock 2010).

An Environmental Management Information System (EMIS) is defined by

El-Gayar and Fritz (2006) as an ‘organizational-technical system for systematically

obtaining, processing, and making relevant environmental information available in

companies’. However, several studies (Bero et al. 2012; Savely et al. 2007) show

that diverse and manual systems are still evident in HEIs. Other problems include
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the use of paper based records for resource usage, data quality issues and lack of

data and process integration (Bero et al. 2012; Scholtz et al. 2014).

Whilst several studies (Athanasiadis 2006; Bero et al. 2012; Giesen et al. 2009;

Solsbach et al. 2010) have proposed an EMIS, some of which are specifically

designed for HEIs, each of these have a different focus or purpose. In addition

there is limited research which provides formal guidance and best practice regard-

ing the design of these EMIS. Studies of environmental sustainability and the role

of information management in African HEIs are limited. The aim of this paper is

therefore to propose a framework for the design of an EMIS for HEIs and to

incorporate associated guidelines. The guidelines are based on best practice from

literature and are classified according to the common components and responsibil-

ities of an EMIS identified by several authors. This paper also highlights the

increasing importance of environmental information and EMIS to environmental

sustainability efforts at HEIs.

The next section provides a concise description of the research objectives and

the methodology that was employed in this study. This is followed in Sect. 3 by a

rigorous literature review that highlights that the design of an effective EMIS is

critical to any attempt at reducing any negative environmental impact. The analysis

of literature identified several common components of EMIS and resulted in the

proposed theoretical framework for EMIS at HEIs. The last section provides several

conclusions and recommendations for future research.

2 Research Objectives and Methodology

It has been reported that there is limited formal guidance or frameworks for HEIs

that wish to adopt environmental sustainability practices, particularly for the

management of environmental information (Bero et al. 2012). The main research

objective of this paper is therefore: “To propose and implement a framework that
supports the design of an efficient EMIS at an HEI.” In order to derive this model,

two secondary objectives must be achieved:

• Propose an architectural framework for EMIS in higher education

• Propose guidelines for the components and responsibilities of an EMIS

In order to address the objectives and produce the artefacts (the framework and

guidelines), this research used the Design Science Research (DSR) methodology

which is used frequently in IS’ projects producing artefacts (Hevner 2007). A

careful rigorous investigation into literature, previous research and extant systems

was done in order to gain an understanding of the research domain. This allowed for

the identification of some of the key components of an EMIS and their responsi-

bilities as well as guidelines for the design and implementation of an EMIS. The

theoretical guidelines can be used to guide the design of an EMIS.
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3 Components of Environmental Management

Information Systems

The adoption of EMISs as tools to support environmental efforts has been found to

be most prominent in industries that have a significant impact on the environment.

Such industries include pharmaceuticals, oil, hazardous chemicals, automotive,

utilities, primary metals and semiconductors industries. The challenges faced by

HEIs are slightly different to those of industrial contexts and are (Alshuwaikhat and

Abubakar 2008; Bero et al. 2012; EPA 2007):

• An extremely diverse community of faculty, students, staff, and support person-

nel, all with differing priorities, modes of engagement, and supervisory models

• A broad range of institutional activities and facilities including offices, labora-

tories, machines, classrooms, dining halls, and dormitories

• Broad distribution across a range of buildings and facilities of differing design

and age, potentially dispersed over a large area

• Relatively limited financial and personnel resources for developing,

implementing, and sustaining an effective EMS and EMIS

Any sustainability efforts must include a planning phase where the institution’s
stakeholder’s such as top management and the IT department establish policies and

objectives of their EMS (UNECE 2014). At this stage the environmental indicators

(for example, energy and water) must be identified and prioritised. The Global

Reporting Initiative (GRI) is a popular standard for establishing environmental

indicators in industry (GRI 2013). Non-institutional organisations usually have a

main focus which determines their environmental indicators, for example pharma-

ceutical companies would have their environmental indicators focused on hazard-

ous waste. By contrast, HEIs have a broad set of institutional activities and facilities

including offices, laboratories, operating machinery, classrooms, dining halls, dor-

mitories, and maintenance, hence environmental indicators associated with HEIs

are generally more diverse. The ISO14000 set of standards produced by the

International Standards Organisation (ISO 2004) is one which is frequently used

in universities in the U.S. and Europe (Alshuwaikhat and Abubakar 2008; Jones

et al. 2011). The Sustainability Tracking, Assessment and Rating System (STARS)

is a voluntary, self-reporting framework for recognising and gauging sustainability

performances specifically for the higher education environment (AASHE 2012).

The four main focus areas of an HEI identified by STARS are (1) education and

research; (2) operations; (3) planning, administration and engagement and (4) inno-

vation. Thus, the complex structure of HEIs requires that EMISs be tailored for

HEIs (Kamal and Asmuss 2013).

Once the planning stage of an EMS has been completed, the environmental

information architecture must be determined (Speshock 2010). Muntean

et al. (2010) propose an architectural framework for a Performance Management

System (PMS) for HEIs. Such a system should provide the instruments to support

the governance processes, showing the data and analysis necessary for strategic
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planning and control. The four main components or layers of the PMS framework

are: (1) the data layer; (2) the reporting layer; (3) the analytical layer and (4) the

monitoring layer. The PMS framework uses data warehousing technology to

Extract, Transform and Load (ETL) the data into the lowest layer which is the

data layer containing the university data warehouse (Muntean et al. 2010). The ETL

processes will then allow for data aggregation, normalisation and integration. Data

is extracted from various sources and is stored in the database of the data warehouse

which is in the data layer. The reporting layer allows users to access and query data.

In addition, the reporting layer allows for ad-hoc querying and standard report

generating from the university portal and is valuable for managerial decision

making. The analytical layer is a useful tool for management in decision making

and strategising. This layer allows for advanced functionality such as data mining,

Online Analytical Processing (OLAP), forecasting, multidimensional/OLAP anal-

ysis, data mining, text mining, forecasting, decision support and predictive model-

ing. The monitoring layer is for performance monitoring of data from the various

pools of data where meaningful information is displayed by means of performance

dashboards and scorecards. A performance dashboard is an application that allows

stakeholders to measure, monitor and manage organisation performance more

effectively. The university portal forms part of the presentation layer which is the

hub of all the university IT applications and services needed by students, adminis-

trators, faculty and staff (Bero et al. 2012; Muntean et al. 2010).

A further argument for extending the PMS framework to the domain of envi-

ronmental sustainability is that its architecture has similar components to those of

an EMIS identified by several studies (Bero et al. 2012; El-Gayar and Fritz 2006;

Giesen et al. 2009; Gunther et al. 2004). The study of Gunther et al. (2004) also uses

data warehousing technology and has been successfully used for analysing and

querying environmental information.

An EMIS can be described as the system that maintains and enhances the

environmental knowledge base of a company in order to meet the information

needs of its environmental professionals (Al-Ta’ee et al. 2013). An EMIS has also

been defined as the backbone or a precondition to environmental management

efforts which supports the organisation’s EMS and meets the reporting needs of

stakeholders (El-Gayar and Fritz 2006). Accordingly, the definitions of EMIS are

very broad and can incorporate a broad selection of systems and components from

stand-alone end-user systems (for example, spreadsheets) to more complex, intel-

ligent systems to enterprise wide integrated IS and can include performance

management (Bero et al. 2012).

Typically an EMIS is implemented in a large organisation where there are

several data sources which are characteristically located in different physical

locations and diverse implementations (El-Gayar and Fritz 2006). These organisa-

tions already have other IS in place to automate aspects of the organisation, for

example legacy systems and/or Enterprise Resource Planning (ERP) systems. A

comparison of three EMISs revealed several common features and differences. The

Adaptive Intelligent Service Layer for Environmental information management

(AISLE) is one such service-oriented EMIS that mediates between environmental
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data providers and actual end user applications that require pre-processed environ-

mental information (Athanasiadis 2006). The Sustainable Online Reporting Model

(STORM) is a web-based EMIS that is used mainly for sustainability reporting

(Solsbach et al. 2010). Sustainability reporting efforts are tightly associated with

EMISs just as much as environmental management efforts are. Sustainability

reporting requires that environmental information is retrieved from the various

information sources and EMISs serve this particular purpose in sustainability

reporting efforts. STORM seeks to address such issues and can retrieve data for

reporting from legacy information systems and other databases or sensor networks.

All three systems investigated (STORM, AISLE and DEMS) have data collec-

tion capabilities which include pulling data from various sources. However, the

level of capability within the data collection component varies. The AISLE system

focuses on providing high quality data hence it performs extensive data

pre-processing as data is collected. The DEMS has the capability of distributed

manual entry of data. All three have a central database in which they store data.

However, STORM and DEMS do not allow for access to this raw data but AISLE

can provide access to the data to third party end-user applications which then

process the data to provide valuable information. The main focus of STORM is

for external, stakeholder sustainability reporting. It is thus evident that the objec-

tives for EMIS can vary.

An analysis of several studies of environmental information efforts and EMIS

design (Bero et al. 2012; El-Gayar and Fritz 2006; Giesen et al. 2009; Muntean

et al. 2010; Su et al. 2013) reveal several commonly identified components

(Table 1). These components can be classified into five commonly identified

categories of components of an EMIS, namely:

• Data collection

• Centralised data storage and access

• Data processing and analysis

• Reporting (ad-hoc querying)

• Monitoring

The first component category of an EMIS is the data collection component

which includes the integration of legacy and heterogeneous systems (Bero

et al. 2012; Giesen et al. 2009). Data collection mechanisms vary depending on

the legacy systems or the lack of legacy systems but can include those used for data

acquisition and data pre-processing such as data cleaning, validation, integration

and normalisation. Data from automated systems with environmental sensors or

smart meters can be retrieved automatically and directly from the systems and

streamed to the appropriate tables in the data layer of the EMIS (Bero et al. 2012; Su

et al. 2013). However, many environmental metrics cannot be collected by auto-

mated systems and must be entered onto paper based records and then captured

manually, often leading to duplication in effort and errors (Bero et al. 2012). A goal

of an efficient EMIS is to streamline distributed manual data collection “at the

source” using specialised web-based interfaces or with a handheld tablet or device.

Spatial data types such as transportation and parking must also be accommodated.
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One other key role that EMISs play in sustainability reporting is the verification of

the environmental information to be published (Solsbach et al. 2010). The data also

needs to be validated at the source, integrated and normalised where necessary.

ETL processes such as cleaning and integrating also need to take place to prepare

the data for the data warehouse.

Centralised data storage and access is another commonly identified component

in an EMIS (Athanasiadis 2006; Bero et al. 2012) and in the PMS architecture for

HEIs proposed by Muntean et al. (2010). After the retrieval of the data from the

various data sources, data can be stored and processed to produce meaningful

information (Athanasiadis 2006). Some EMIS are also developed to cater for

document management since in environmental efforts documents such as environ-

mental policies need to be stored in a safe and secure environment. The reporting

component is also an important component and essential to an EMIS (El-Gayar and

Fritz 2006; Giesen et al. 2009; Solsbach et al. 2010; Su et al. 2013). Reporting of

sustainability information can foster public participation, social responsibility and

promotion of sustainability in teaching and research (Alshuwaikhat and Abubakar

2008).

Another commonly identified component category and responsibility of an

EMIS is data processing and analysis. Organisations need to process environmental

Table 1 Components of EMIS

Component

category Component Authors

Data collection Automated data collection (sensors,

sensor networks, smart meters)

Bero et al. (2012), El-Gayar and Fritz

(2006), Su et al. (2013)

Distributed data entry at location Bero et al. (2012)

Legacy system integration, connec-

tivity to enterprise or ERP systems

Bero et al. (2012), Giesen et al. (2009)

Data cleaning, validation and veri-

fication

Integration and normalisation

Extract, Transform and Load (ETL)

Athanasiadis (2006), Solsbach

et al. (2010), Speshock (2010), Su

et al. (2013)

Centralised

data storage

and access

Data layer (storage layer; data

warehouse layer)

Athanasiadis (2006), Bero et al. (2012)

Reporting Reporting layer (querying and

reporting)

El-Gayar and Fritz (2006), Giesen

et al. (2009), Solsbach et al. (2010), Su

et al. (2013)

Data

processing and

analysis

Analytical layer (Analysis/analyti-

cal tools, OLAP, data mining and

forecasting)

Al-Ta’ee et al. (2013)

Aggregation, simulation, modelling

of data and decision support

Bero et al. (2012), El-Gayar and Fritz

(2006), Giesen et al. (2009), Speshock

(2010)

Monitoring Monitoring layer (dashboards and

scorecards)

Bero et al. (2012)

Presentation Presentation layer (public access) Su et al. (2013)
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data into useful information which can be used to draw meaningful conclusions

(Speshock 2010). Advanced EMIS offer the capability to analyse environmental

information, simulate and provide decision support (El-Gayar and Fritz 2006).

These capabilities are useful and make an EMIS valuable to the top management

of any institution. Data processing further involves complex algorithms that provide

aggregation, ad-hoc querying and modelling of environmental data and processes

(Bero et al. 2012). This is referred to as the analytical layer in the Muntean

framework which allows management to make decisions and strategise and allows

for advanced functionality such as data mining, OLAP and forecasting. The mon-

itoring layer is for performance monitoring. Tools that are available in this layer

include dashboards and scorecards (Bero et al. 2012; Muntean et al. 2010). Data is

then analysed and produced for information distribution to stakeholders through a

presentation layer (Su et al. 2013) where there should be support for public

awareness and outreach by allowing access to simplified aggregated data summa-

ries of data for access by the public and HEI stakeholders (for example, student,

staff, board members, management and government bodies).

Athanasiadis (2006) divides the components and features of a EMIS into three

clusters of services, namely: the contribution services cluster, the management

services cluster and the distribution services cluster. Based on the definition of

these clusters and an analysis of their responsibilities, the four common categories

components of an EMIS can be classified into these clusters. Data collection and

centralised data storage can be classified in to the contribution services cluster

while data processing, monitoring and reporting fall under the managerial services

cluster. The distribution services cluster is responsible for access to data by

stakeholders and presentation of data. In the contribution services cluster there

needs to be support for allocating resource usage to buildings and campus facilities

such as sports grounds and departments (Bero et al. 2012). Apportionment modi-

fiers are used to algorithmically apportion meter utility usage to arbitrary buildings

and spaces within a metered loop (Bero et al. 2012). This data is stored in the space/

location entity in the data source layer. The resulting framework can be used to

design an EMIS for HEIs and shows all the components (Fig. 1). The related

guidelines for the components of an EMIS are summarised in Appendix.

4 Conclusions and Recommendations

This paper proposed a framework which can assist HEIs to improve their environ-

mental information management efforts and provides guidelines for the compo-

nents of an EMIS which can therefore assist with designing an EMIS. An

improvement in EIM can facilitate on improvement in decision making, environ-

mental awareness and community involvement. This study forms part of a larger

research study which aims to design and develop a university-wide environmental

information data warehouse. The development of the data warehouse is focused on

making environmental data accessible for querying and to end user applications.
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This will allow for the development of innovative end user applications to serve as

the portal for which stakeholders can access the environmental information and

view it in a meaningful way. This research is to serve as proof-of-concept in a hope

to drive senior management to support and drive towards creating an environmen-

tally sustainable institution and an inclusive community.

The development of the fully analytical tools to support senior management in

decision management is important. Future research can be done to evaluate this

theoretical framework in other higher education institutions. Research is required

regarding the adoption of EMIS and criteria for evaluating these systems. Improv-

ing the effectiveness of EMIS and improving the changes of successful implemen-

tation will ultimately improve the success of environmental efforts. Generally HEIs

are publically funded therefore transparency regarding environmental impact is of

utmost importance.
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Appendix: Guidelines for the Components of an EMIS

Guideline Authors

Contribution services cluster

There is a need for centralised storage of environmental

information in an HEI

Athanasiadis (2006), Bero

et al. (2012), Muntean et al. (2010)

HEIs need a computerised process for capturing envi-

ronmental data (e.g. water and electricity meter

readings)

Bero et al. (2012)

HEIs need to automate environmental data collection

processes where possible (e.g. sensor based collection;

smart meters)

Bero et al. (2012), Su et al. (2013)

It is important that HEIs perform quality assurance (data

validation and verification) on environmental data col-

lected at the source

Athanasiadis (2006)

Management services cluster

Environmental sustainability reporting should be stake-

holder oriented and automated wherever possible

Disterheft et al. (2012), Solsbach

et al. (2010)

Data analytics and monitoring of environmental infor-

mation should be provided

Al-Ta’ee et al. (2013), Bero
et al. (2012), Muntean et al. (2010)

Simplified aggregated data summaries of environmental

information must be available

Bero et al. (2012)

Data processing should be provided (ad-hoc querying,

modelling of data and decision support)

Bero et al. (2012)

There should be support for allocating resource usage to

buildings and campus facilities such as sports grounds

and departments (apportionment modifiers)

Bero et al. (2012)

Distribution services cluster

There should be support for public awareness and out-

reach by allowing access to simplified aggregated data

summaries of system data for access by HEI stake-

holders (student, staff, board members, management,

government bodies, etc.)

Jones et al. (2011), Bero et al. (2012)

Third party applications should be granted access to

environmental information where possible

Athanasiadis (2006), Bero

et al. (2012)
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Support for Improved Scrap Tire Re-use

and Recycling Decisions

Matthias Kalverkamp and Alexandra Pehlken

1 Introduction

Scrap tires have been with us since the development of the automobile and since

their inception, there has been the problem of re-use or recovery of tire material.

The composition of tires is, however, getting more complex which challenges

recyclers to make new decisions regarding re-use or recycling. Some material

flows are suitable to replace primary resources without loss of quality. Some

materials are made never to separate by themselves and therefore pure material

flows are impossible to achieve. A tool that considers different properties of

material flows helps to evaluate the global recycling potential. Material Flow

Analysis (MFA) and Life Cycle Assessment (LCA) can support the determination

of the future potential of waste streams entering recycling processes. MFA can be

easily applied to recycling processes because it takes into account all material flows

entering and leaving the recycling process (system border). Since the input in

recycling processes is often a mixture of various material streams, the exact

composition is never known. There is often a lack of information due to unknown

parameters in material composition or processing steps (Pehlken and Mueller

2009). Because of the high potential of recycling processes contributing to the

sustainable management of resources (such as energy savings and material effi-

ciency) it is necessary to assess the environmental impact of the material flows

(Bringezu and Bleischwitz 2009).
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In general, the following conditions for assessing sustainable resource manage-

ment in recycling processes have to be achieved (Pehlken and Thoben 2011): There

must be adequate material mass for:

(a) The recycling process and for

(b) Further product manufacturing

(c) Defined material properties and

(d) Very little variation of these properties

It is desirable to forecast a strategy for selecting recycling solutions that best fit

the above-mentioned conditions with the goal of achieving a better environmental

performance. A combination of the methods of MFA and LCA can help to roughly

assess material flow, costs and environmental impacts. However, these methods

lack the description of material properties, their variations and uncertainties

respectively.

Scrap tires, as the case study in this paper, are a valuable source of secondary

resources as they provide material flows of rubber, steel and fabric. There is

potential for them to serve as secondary resource for new applications. However,

the number of uncertainties in scrap tire recycling is numerous since only the output

can be determined.

Steel can be easily recycled and is a valuable source of sustainable resource

management because it replaces primary resources. Rubber is the biggest material

stream derived from scrap tire processing. Rubber derived from scrap tires is a

mixture of different qualities of rubber and added chemicals. Therefore, this

material flow cannot compete with primary material for new tires, but this does

not mean that the recycling of rubber means down-cycling and represents products

of lower quality than the previous product.

The management of the life cycle of a product includes the most recent knowl-

edge of processes and limits of systems. All recycling processes have in common

that their input material has already had a complete life cycle; therefore, it is more

difficult to find exact input data for the LCA of the recycling process. Uncertainties

in performing LCAs in recycling processes must be taken into account.

The uncertainties in the recycling processes are the known and unknown param-

eters which have to be considered. Uncertainties can have many sources and

Heijungs and Huijbregts (2004) state that the outcome of an LCA is affected by

various types of uncertainty, such as parameters, scenario and model uncertainty.

This uncertainty by itself has to be addressed in three places: the input side, the

processing side and the output side. The variation of parameters is not always

known and knowledge may be coincidental. For example, there are data for which

no value is available, data for which an inappropriate value is available, and data for

which more than one value is available. Residues always vary in their composition

and only data ranges about material flow can be used as an input parameter. Notten

and Petrie (2003) substantiate the statement that “different sources of uncertainty

require different methods for their assessment”. Due to different sources of uncer-

tainty, this model relies not only on the quality of the process data but also on the

uncertainty assessment.

42 M. Kalverkamp and A. Pehlken



2 State of the Art

2.1 Waste Management in the Automotive Industry

The European Parliament Council specifies quotas of material recycling in DIREC-

TIVE 2000/53/EC for End-Of-Life Vehicles (ELV) (European Parliament 2000).

This so called ELV Directive established goals to minimise the effect of ELVs by

setting recycling, reuse and recovery targets for the materials used in all

manufactured vehicles. The directive requires that 95 % of ELV waste must be

reused or recycled by 2015, with only 10 % of this recovered through the creation of

energy. In addition to the pure recycling of materials, the re-use of components and

sub-assemblies makes sense not only in line with the Lifecycle Management and

Waste Act (Bundestag 2012) from Germany but also from the economic perspec-

tive due to limited resources, which are direct (material) and indirect (e.g. energy)

resources (Östlin et al. 2009). This is also in accordance with the “Raw Material

Initiative” released in 2008 by the European Commission (European Commission

2008). There is great pressure on saving and recovering raw materials in Europe.

In Germany, §4 of the Lifecycle Management and Waste Act clearly indicates

that dumping of all kinds of waste materials has to be avoided before recycling

procedures are undertaken (3R Hierarchy). According to the waste management

(WM) hierarchy, reduction is the key factor for all WM strategies. By reducing the

waste, manufacturers, users or societies have smaller material flows to recycle

(European Commission 2008; Thierry et al. 1995). Re-manufactured parts are

reused for their original purpose and perform the best when compared to most

recycling processes. Re-manufactured products underline the market potential of

the circular economy (Ellen MacArthur Foundation 2014). In the circular economy,

recycling also has a high potential as a source for secondary resources; e.g. about

one third of a VW Golf VII consists of recycled materials (Gernuks 2013). The use

of secondary resources gains importance especially when combined with resource

efficiency. Energy recovery remains the last option in cascade utilisation and

disposal is the final handling of inert materials that are of no other use.

However, the focus of this research lies on re-use and recycling. The

“Altfahrzeug-Verordnung (AltfahrzeugV)” (Bundesregierung 2013) regulates that

all car manufacturers in Germany are obliged to take back their scrap cars and

recycle them in dismantling facilities, following the ELV Directive. The following

section describes a case study of scrap tires used in recycling.

2.2 Cascade Use of Scrap Tires as a Case Study

A good example of resource recovery from car parts is given by the potential of

motor catalysts: The ELV directive has set clear rules for the handling of automo-

tive catalysts in the EU: In 2007, 28 t platinum and 31 t palladium were recovered
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from automotive catalysts globally (almost 15 % of the global mining production).

However, despite this development it has to be underlined that even in the EU

(especially in the new member states) collection systems are barely perfect. In

contrast, the collection and recycling of scrap tires has been on the market since cars

were first manufactured. Farmers are either using them in their storage systems or

recyclers recover the rubber material, since natural and synthetic rubber possesses a

good market potential for further treatment. Due to different market systems for

dealing in scrap tires (public vs. private market structures), obtaining comparative

figures for scrap tire recycling in the EU is difficult. These differences exist because

the translation of EU regulations into national law is different. The focus therefore

is on available numbers from Germany, a liberal market for scrap tire recycling, to

describe the market situation. Figure 1 shows the statistics in Germany for scrap tire

usage in 2013; the numbers in brackets indicate the previous year.

The scrap tire is what remains at the end of the life cycle of a tire. Some tires are

re-treaded but usually, scrap tires are recycled into further applications. In Europe,

more than 95 % of scrap tires are recycled. Used tires amounted to 3.3 million

tonnes in the European Union countries in 2011. While energy recovery maintains

its level around 38 %, material recycling is the real market benefiting from the

policy of landfill diverting (ETRMA 2011). Energy recovery and material recycling

represent 78 % of the whole scrap tire usage and by referring to the annual number

of scrap tires nearly 3.1 million tonnes of material was being reused, either as

material, energy or as a recycled tire itself. In the case of energy recovery, the tires

new �res
507.000

(509.000) 

retreaded �res 
43.000

(47.000)

scrap �res for 
reuse, recycling

582.000
(582.000)

accumulated
scrap �res

511.000
(516.000)

replacement 
demand
560.000

(566.000)

export with 
used vehicles

(considered in ,�res 
from vehicle recycling`)

used �res
10.000

(10.000)

�res from
vehicle recycling 

18.000
(18.000)

import 
used �res

53.000
(48.000)

�re wear 
49.000

(50.000)
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replace fossil fuels and also by material recycling, a saving of primary resources,

such as natural rubber occurs.

Although not a work of art, every scrap tire is in a sense unique, since each

differs in its composition and age. Passenger tires are divided into summer, winter,

high speed tires, etc. Passenger tires tend to contain more synthetic rubber than

natural rubber when compared to truck tires. Truck tires consist of more natural

rubber; off-the-road (OTR) tires, including heavy mining tires as well as agricul-

tural and industrial tires, have nearly no synthetic rubber. The rubber composition

may be because passenger tires have to meet higher quality standards (low rolling

resistance, improved skid resistance and good wear) (Dunn and Jones 1991) to

succeed in the competitive market. Truck and OTR tires, on the other hand, have to

cope more with heavy loads and longer distances than with high speeds. The fibre

content in passenger tires can be as much as 5 % of the total tire weight, whereas

OTR tires tend to have little or no fibre content and contain about 15 % steel.

It is estimated that European tires have to be replaced within 3.5 years or

30,000 km and 6 years and 80,000 km depending on the mechanical load. The

consequence is an uncertainty in the life expectancy of a tire and the exact date

when the tire becomes a scrap tire is only an estimation. Recipes or formulae of the

composition of tires are changing over time and therefore only mean values can be

used for a LCA.

Although the exact composition of materials is not known in scrap tire recycling,

recyclers have been very innovative and have adapted their processes to more or

less guarantee quality specifications mainly for rubber, as the main output of the

recycling plant. This rubber is either blended with plastics (rubber-plastic com-

pound) or is used as single material to serve as input into new products, such as

artificial turf, for example. The rubber-plastic blend produces even more innovative

products and these are sometimes hard to identify as being recycled. Many of these

products can be found in the interior of a car, for example, the dashboard or the door

insulation.

2.3 Life Cycle Assessment and Material Flow Analysis

Life Cycle Assessment (LCA) is a method of evaluating the environmental impact

of a product throughout its life, starting from the source, through the production and

the usage phase till disposal—and potential iterations. LCA also provides meaning

for economic evaluation because an LCA is able to elicit and bring to the surface

“information about ‘externalities” (Duda and Shaw 1997). The data from produc-

tion processes is the basis for the evaluation. The data are usually an average value

and not exact numbers for a particular product (Thorn et al. 2011). The procedures

explained by ISO 14040/14044 are widely used and accepted to conduct an LCA.

ISO 14040 defines the four major steps of an LCA: goal and scope definition, life

cycle inventory analysis (LCI), life cycle impact analysis (LCIA) and life cycle

interpretation. The first three steps are consecutive, although they can interface in
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both directions, whereas the last step, interpretation, refers to the three earlier steps

and concludes the analysis (Thorn et al. 2011).

Besides LCA, material flow analysis is another tool to analyse environmental

impacts and to improve resource management. “Material flow analysis (MFA) is a

systematic assessment of the flows and stocks of materials within a system defined

in space and time.” (Brunner and Rechberger 2004). Materials in MFA are both

goods and substances, where goods consist of different substances (Cencic and

Rechberger 2008). Typical systems observed in this context are factories or house-

holds. The relevant inputs and outputs in these have to be defined according to the

defined space Material flows within such systems are followed from their source

until their end, passing through different process steps (transport, transformation,

storage) until reaching their final conclusion. By developing alternative scenarios

for a system, the initial scenario can be evaluated against these alternatives, thus

supporting system design improvements, changes and adoptions (Brunner and

Rechberger 2004).

In the case of scrap tires, LCAs are already widely used to verify most

favourable treatment options for the environment. Traditionally, scrap tires are

used in cement kilns as a fuel replacement, but they are used as a secondary material

for ground rubber and in civil engineering applications (Feraldi et al. 2013; Li

et al. 2014). However, incineration is the least preferable WM strategy—before

disposal/landfill. Feraldi et al. (2013) investigate in their study which treatment

option for scrap tires has the least impact on the environment, material recycling or

incineration, i.e. energy recovery. They found evidence that, material recycling has

a less harmful impact on the environment than incineration. More detailed studies

show how the application of technologies to scrap tire recycling processes and the

production of renewable energy can reduce the environmental impact of scrap tire

recycling (Li et al. 2014).

The before-mentioned results from existing LCAs demonstrate how the method

already contributes to a better understanding and evaluation of scrap tire treatment

options. The proposed decision-support tool aims to incorporate the existing

methods, together with additional knowledge, about the recyclability to improve

decision making further when WM for scrap tires is considered.

3 Method and Concept for Cascade Use of Products

3.1 Decision Support

The process for WM decisions will be supported by a software tool. It is expected

that such a tool will help to lower the level of complexity for the user, the person

who makes the decision. In the case of scrap tires, this could be car dismantlers, tire

dealers or people in other facilities for receiving scrap tires. The decision room

targeted by the decision tool is illustrated in Fig. 2. It follows the product life cycle
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separated into begin-of-life (BOL), mid-of-life (MOL) and end-of-life (EOL). The

following order of decisions in scrap tire waste management is ecologically pref-

erable: re-use, recycle and recover. The disposal of scrap tires is banned in the EU.

The decision tool will be developed in a user-oriented way. The users will define

and choose their own sustainability criteria with either a stronger focus on ecolog-

ical or economic criteria. Support for the raw material assessment will be given by

algorithms for information on material flow and the sustainability assessment

implies that the parameters for material will be defined. Therefore, it is necessary

that the model is designed in a manner which can be adapted for various material

flows and recycling processes.

The decision tool has to cope with highly dynamic situations in the recycling

market, due to price volatility at in market and changing technologies for material

separation or re-use. For example, it is necessary to consult stock exchanges to get

market information on recycling. There are already data bases available that might

be useful for this software (ecoinvent,1 Probas,2 etc.). In addition, European

researchers are developing new catalogues (ELCD/ILCD) based on standard pro-

cesses for key materials, energy carriers, transport and WM. These databases are all

taken into account during the development of the decision tool. Besides the main

decision tool, the development of an app for mobile devices is planned to directly

visualise the environmental impact of a WM decision for a set of particular scrap

tires according to sustainable indicators.

Fig. 2 Decision room between re-use and recycle at the end-of-life of a vehicle

1 http://www.ecoinvent.org/database/
2 http://www.probas.umweltbundesamt.de
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3.2 User Individual Hierarchy of Indicators

Sustainability indicators are based on assessments, such as LCA or MFA. Hence

they are commonly used in research and industry today. However, the individual

decision maker might require a particular set of environmental indicators and there

might also be some individual requirements regarding their ranking, e.g. the impor-

tance of particular environmental impacts due to the local circumstances or infor-

mation requirements. The user can therefore influence the hierarchy of indicators.

Furthermore there are economic indicators, especially prices for raw and secondary

materials. Those can be retrieved from official market information systems. The

decision maker, however, might expect further price changes which would influ-

ence the decision.

In order to consider the individual preferences of the decision maker properly, in

combination with the general knowledge about tire composition, available technol-

ogies for resource recovery and the actual market situation, the decision support

tool uses an Analytic-Hierarchy-Process (AHP) based approach. The AHP is a

known approach in multi-criteria decision analysis. The AHP was chosen due its

capability of dealing with complex decisions, although it is also rather complex in

its application. Nevertheless, especially in comparison with other methods, the

AHP is less arbitrary (Rosenkranz 2006; Saaty 2008).

4 Proposed Software Tool

One of the challenges in WM is to make the right decision regarding environmental

impact. However, decisions about the WM option taken by a company are mainly

driven by economic considerations, due to profit orientation. This makes decisions

more complicated For example, the whole process from acquisition (procurement

of EOL products) until final sales of a product (reuse), as a secondary material

(recycle) or as a fuel (recovery) has to be cost efficient. Therefore, environmentally

better treatment options which would be better for the environment might be

overruled by economic considerations. However, the environmentally better option

might still not be a losing deal-only the resulting benefit might not be so profitable.

However, the economically preferred solution could also be ecologically a good

solution. When adding legal questions and regulations to this decision situation, the

complexity increases further.

Hence, a software tool is proposed that is able to consolidate the different aspects

relevant for decisions in WM. There are laws and regulations for treatment options

(e.g. quotas), markets especially for different sales options and environmental

assessment representing special societal requirements (technology e.g. regarding

changes in the processing of secondary material). While consolidating this infor-

mation, the tool will not take the decision on its own but will rather support the

decision maker in the decision process. For example, the tool will be able to suggest
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alternative WM scenarios due to the changing market prices for particular second-

ary materials. This allows the decision maker to revise the decision. This revision is

useful and necessary, because the decision maker might also have additional

information about potential demand or other market options, e.g. due to technolog-

ical developments, not yet known to the software. Therefore, it is proposed that the

tool is a supporting solution but not a substitution. Since the decision maker cannot

be omniscient about all economic factors (Richter and Furubotn 2010) when

making a decision, the software tool will increase transparency and lower transac-

tion costs for decision-making processes about waste treatment. Eventually, the tool

will help to balance ecological and economic interest in waste management in order

to increase sustainable decisions.

The software is based on different inputs at different levels, as depicted in Fig. 3.

First, there is a level of general indicators, criteria and data, which are provided by

different sources. For example, LCAs provide environment indicators and regula-

tions that define criteria for waste and other substances. This information is fed into

the software tool for further processing. Second, there is a level where the user can

adjust criteria and indicators according to individual requirements and also indi-

vidual knowledge. Finally, the software itself processes these two inputs, data and

the individualised hierarchy of a user, with the help of an analytical hierarchy

process.

As mentioned above, the user can take another decision based on his/her own

judgement., independently from the tool’s result regarding the decision If this

information is fed back into the tool (i.e. selection button), the tool will be able to

take this decision into account when it comes to the next decision. The reasons for

Indicators and decision criteria

user dependent hierarchy

2) Recycle

1) Reuse

3) Recover

LCA

MFA

Decision Support Tool

Laws/
Regula�ons

Markets

ideal cascade use

Fig. 3 Decision tool—input and processing levels
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this are (a) to reconstruct the decision, (b) to allow for forecasts regarding and

compliance with the legal quotas, and (c) to facilitate reporting afterwards.

The advantages of the proposed software tool are its complex and different data

sources, such as:

• Databases from environmental assessment

• Databases regarding the composition of car parts

• Price information, e.g. market information from a commodity exchange

• Demand information in terms of particular demands (e.g. from nearby produc-

tion facilities)

• Laws and regulations regarding the WM (e.g. prohibited or other treatment

options, treatment quotas)

5 Discussion and Outlook

Sustainable management of resources together with an integrated policy of re-use

and recycling strategies are necessary in order to address environmental challenges.

While some material flows are appropriate to replace primary resources, other

materials are only useful for products of minor quality. Some materials are made

never to separate by themselves and therefore pure material flows are impossible to

achieve. A tool that considers the properties of different materials and the supply of

materials and the surrounding environmental and ecological conditions is essential

to help to evaluate the global recycling potential. The challenge is to provide

support on decisions in such a way that not only ecological but also economic

benefits are achieved.

However, such decisions are complex because the environmental impact is

assessed under uncertainty and the technology of recycling as well as demands

for re-use or recycling may change. Hence, the decision problem is manifold and

keeps on changing over time. The proposed decision tool considers these challenges

by providing a flexible tool that is more comprehensive than a making a single-

category decision based, for example, only on an LCA. The latter might further

support regulative actions because an economic benefit cannot be identified. Still,

such economic benefits might exist but their identification could be difficult.

Considering the creative potential of markets in general and recycling markets in

particular (adaption to changing technologies and materials in the automotive

industry), the combination of ecological and economic aspects for decision support

could further support recycling markets while lowering the administrative burden

(less granular regulations). Furthermore, in case the tool is missing detailed infor-

mation, e.g. on a regional level, the user can still interfere in the decision process

and adjust it according to his/her needs.

Nevertheless, it is challenging to combine LCA and MFA results with market

data as well as information about and requirements of recycling technologies. In

addition, the tool might only be suitable for specific car parts and not for the whole
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car. Some parts are still not investigated for reuse and the only option is material or

energy recovery.
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umweltverträgliche Entsorgung von Altfahrzeugen. https://www.juris.de/purl/gesetze/

AltautoV. Accessed 15 Jan 2015

Bundestag (2012) KrWG—Gesetz zur F€orderung der Kreislaufwirtschaft und Sicherung der
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Lüneburg, Sept 2008. Shaker, Aachen, pp 440–447

Duda M, Shaw JS (1997) Life cycle assessment. Society 35(1):38–43

Dunn JR, Jones RH (1991) Automobile and truck tyres adapt to increasingly stringent require-

ments. Elastomerics 123(7):11–18

Ellen MacArthur Foundation (2014) Towards the circular economy: accelerating the scale-up

across global supply chains. http://www.ellenmacarthurfoundation.org/business/reports/

ce2014#. Accessed 1 Feb 2015

ETRMA (2011) European tyre & rubber manufacturers’ association. http://www.etrma.org/.

Accessed 15 Jan 2015

European Commission (2008) Communication from the commission to the European Parliament

and of the council. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri¼COM:2008:0699:

FIN:en:PDF. Accessed 20 Jan 2015

European Parliament, Council of European Union (2000) DIRECTIVE 2000/53/EC of the

European Parliament and of the Council of 18 September 2000 on end-of life vehicles. Off J

Eur Communities 43(L 269):34–42

Feraldi R, Cashman S, Huff M, Lars R (2013) Comparative LCA of treatment options for US scrap

tyres: material recycling and tire-derived fuel combustion. Int J Life Cycle Assess 18

(3):613–625

Gernuks M (2013) Beitrag von Recycling zur Rohstoffversorgung am Beispiel Automobi-

lindustrie. http://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Gernuks_BGR-

Rohstoffkonferenz2013.pdf. Accessed 30 July 2014

Heijungs R, Huijbregts MAJ (2004) A review of approaches to treat uncertainty in LCA. In: Pahl-

Wostl C, Schmidt S, Jakeman T (eds) iEMSs 2004 international congress: “complexity and

integrated resources management”. International Environmental Modelling and Software

Society, Osnabruck, June 2004. Complexity and integrated resources management—trans-

actions of the 2nd Biennial meeting of the international environmental modelling and software

society, vol 1. International Environmental Modelling and Software Society, Manno, pp

332–339

Support for Improved Scrap Tire Re-use and Recycling Decisions 51

https://www.juris.de/purl/gesetze/AltautoV
https://www.juris.de/purl/gesetze/AltautoV
https://www.juris.de/purl/gesetze/_ivz/KrWG
https://www.juris.de/purl/gesetze/_ivz/KrWG
http://www.ellenmacarthurfoundation.org/business/reports/ce2014#
http://www.ellenmacarthurfoundation.org/business/reports/ce2014#
http://www.etrma.org/
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0699:FIN:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0699:FIN:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0699:FIN:en:PDF
http://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Gernuks_BGR-Rohstoffkonferenz2013.pdf
http://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Gernuks_BGR-Rohstoffkonferenz2013.pdf


Li W, Wang Q, Jin J, Li S (2014) A life cycle assessment case study of ground rubber production

from scrap tyres. Int J Life Cycle Assess 19(11):1833–1842

Notten P, Petrie J (2003) An integrated approach to uncertainty assessment in LCA. In: Pro-

ceedings of the international workshop on Life Cycle Inventory (LCI) Data, Institut für

Technishe Chemie, Hannover, 20–21 Oct 2003
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Risk Profiling for Corporate Environmental

Compliance Management

Heiko Thimm

1 Introduction

Corporate environmental compliance management is a work area where specialists

from multiple different disciplines such as occupational safety, hazardous material

management, fire protection, and transportation safety inherently need to work

together. The compliance management team together with collaborators from

other work areas is obligated to assure that the company complies with all relevant

regulations. Activities that are required in order to enforce environmental compli-

ance can be oriented at many aspects of business organizations including product

properties, production and logistic processes, corporate infrastructure, and the

workforce’s level of competencies and skills (Thimm 2015). The company faces

sanctions ranging from fines, withdrawal of licenses and even permits to mandatory

closures and shutdowns when full compliance is not maintained at all times

(Gunningham 2011). The enforcement efforts that are required in order to assure

environmental compliance can be disturbed and even aborted by uncertain events.

Considering general risk management paradigms and best practices such as given in

the ISO 3100 standard (ISO 2009) it can be recommended to solve this problem—

i.e. “the effect of uncertainty on objectives”—through an extension of corporate

compliance management by risk control aspects (IMA 1995). Supporting evidence

for this recommendation can be found in the body of international environmental

policies and governmental practice that are traditionally promoting environmental

risk control aspects (Gunningham 2011; IMPEL 2012; HM Treasury 2004).

In the light of the enormous amount of regulations and the severe potential

sanctions two surprising facts can be observed about today’s corporate environ-

mental compliance practice. First, there still exist companies that show a limited
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awareness of the risk of non-compliance and therefore do not address this risk

systematically (Walker et al. 2008). Second, the compliance management tasks are

often completed with assistance of rudimentary IT solutions such as spread sheet

software (McKeiver and Gadenne 2005; Walker et al. 2008) that bear many

inherent problems like a low efficiency and a high probability for data

inconsistencies.

Our research aims on the development of a novel data provisioning service for

environmental compliance management information systems (ECM IS)

(Freundlieb and Teuteberg 2009; McKeiver and Gadenne 2005). The need for

such as new service is motivated by empirical data. We refer to this service by

“risk profiling service” because the users are through the service continuously

informed about the risk of non-compliance. In this aspect our research contributes

to a new environmental compliance enforcement approach promoted mainly by the

European Union Network for the Implementation and Enforcement of Environ-

mental Law (IMPEL) (IMPEL 2012). On the basis of a specialized supervision

method IMPEL promotes the use of suitable tools such as the proposed ECM IS in

order to enable companies to pro-actively self-control environmental risks. The risk

conceptualization proposed in this article is built upon the fact that successful

corporate compliance enforcement largely depends on carefully chosen and man-

aged human-lead enforcement activities (Freundlieb and Teuteberg 2009;

Gunningham 2011). It is addressed that these activities bear many risks

(e.g. wrong decisions, incorrect judgments, illness of persons, failures in compli-

ance enforcement plans) that can among others result from inherent phenomena of

the work of single persons and of group work. It is expected that through the service

problems with compliance enforcement activities can be detected on an early stage.

By reacting to these problems appropriately it is possible to prevent future

non-compliance states.

Following this introduction in Sect. 2 an overview of related research work is

given. The risk management framework is described in Sect. 3. Central consider-

ations for the extension of ECM IS by the proposed risk profiling service can be

found in Sect. 4. Concluding remarks are contained in Sect. 5.

2 Related Works

Some of the principles proposed in this article to improve corporate environmental

compliance are related to the reference model for Environmental Management IS

by Freundlieb and Teuteberg (2009). However, their data warehousing based

reference model is to a large extent focused on providing reporting and analysis

capabilities without addressing risk issues.

Several research groups investigated the use of database technology for corpo-

rate compliance management primarily focusing on financial compliance.

Researchers from IBM and the University of Stuttgart proposed a system where

similar to our approach compliance management activities are logged in database
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tables in order to detect anomalies that may indicate compliance violations

(Agrawal et al. 2006). A general discussion of methods to maintain tamper-resistant

audit logs for legal compliance purposes can be found in (Snodgrass et al. 2004).

A research group at the Stanford University investigated the use of Internet

technologies, text mining, and information retrieval techniques in order to provide

improved public services for environmental compliance management tasks

(Kerrigan 2003). Despite the fact that instead of public web-based support our

research is focused on support of corporate compliance experts there exist several

communalities that are noteworthy. In particular, the Stanford group’s Regulation
Assistance System targets to assist the users in compliance checking on the basis of

a XML regulation framework. The regulations and compliance rules are

represented as XML documents that are tagged with logic that can be exploited

for checking compliance. The proposed web-based system takes as input docu-

ments from the user and possibly further interactive data, checks the data for

contradictions, and makes a compliance decision. While a similar objective is

addressed by the proposed risk profiling service the checking approach is different

and focused on irregularities given in data about compliance enforcement activities.

The foundation of the research described in this article has been reported in an

earlier paper (Thimm 2015) that contributed a best business practice for a process-

oriented development, implementation and use of IT for the assurance of environ-

mental law compliance in Small and Medium Sized Enterprises (SME). Based on a

proposed reference model an initial version of the new ECM IS solution, Compli-

ance Center Professional (CCPro), is being developed. The data model and major

concepts of the CCPro system are described. The extension of these earlier contri-

butions by the consideration of the issue of risk of non-compliance, however, is a

recent progress in our long term research program and, thus, not addressed in the

earlier article.

3 A Risk Management Framework for Corporate

Environmental Compliance

The risk management framework described in the following is largely drawn from

earlier empirical investigations of the environmental compliance work area

(Thimm 2015). The main informant has been a manufacturer of chemicals, indus-

trial alcohol, and plastics situated in South Germany which belongs to the category

of Small and Medium Size Enterprises (SME). For more than 100 years the

company has been successful within its growing international market. About

4 years ago the company started to successfully offer environmental management

consulting services to other companies. Through the large number of completed

internal and external projects and through a lot of activities in corresponding expert

networks deep knowledge could be obtained and contributed to the research

described in this article. The research team was especially provided with knowledge
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about typical compliance management work processes and potential reasons caus-

ing compliance violations. The empirical findings were complemented by informa-

tion from a literature study that was focused on guidelines and experience reports

published in journals for environmental professionals.

In order to permanently assure that the set of all relevant environmental com-

pliance regulations are fulfilled companies need to perform a multitude of compli-

ance enforcement activities (Gunningham 2011; IMA 1995; Thimm 2015). In Fig. 1

the box with the gear-wheel symbol labelled Αt p, t f represents the subset of at the

present time point tp ongoing compliance enforcement activities referred to by

αi i ¼ 1, 2, . . . , nð Þ. The activities αi are directed at the compliance state at time

point tf. In general, they can be categorized into the following different activity

types: (1) activities to monitor announcements of new regulations and of amend-

ments of existing regulations, (2) activities to determine the relevance of new

regulations and of revisions of existing regulations, (3) activities to determine

measures that are required in order to comply with regulations, (4) activities to

implement measures that have been determined, (5) activities to check the effec-

tiveness of measures, and (6) documentation activities.

The measures can be oriented at the typical environmental health subjects such

as products, production processes, customers, employees, and infrastructure com-

ponents. Similar to other business activities also compliance enforcement activities

are required to be performed in a well synchronized fashion such that the obtained

results meet given conditions (IMPEL 2012). Therefore, in the proposed framework

enforcement activities are treated as obligations with associated deadlines and

outcome constraints. Obviously, here exists a positive correlation between a

company’s environmental compliance status and the company’s compliance

enforcement activities. When at a present point in time tp the activities

αi i ¼ 1, 2, . . . , nð Þ ofΑt p, t f are neither violating their deadline nor their respective

outcome constraints then at a corresponding future time point tf compliance will be

achieved. Conversely, if an activity exists that is overdue or/and that failed to

satisfy all outcome constraints a non-compliance status has to be assumed for tf.
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Fig. 1 Compliance state estimation from enforcement activity failures
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One has to admit the rule that it is not possible to guarantee that enforcement

activities are always completed in time and always fully meet their outcome

constraints. Among others two simple reasons for this rule are (1) that many of

the environmental compliance activities involve human executants and (2) that

activities intended to implement compliance assurance measures may suffer from

material and equipment defects. This uncertainty motivates to extent corporate

environmental compliance management by awareness of the risk of

non-compliance due to problems with enforcement activities. In order to address

this awareness two specific steps are defined which are completed at time point tp in

order to assess the compliance state for time point tf. The first step attempts to detect

the activity failures. This can be performed, for example, by the use of business

process mining and prediction techniques (de Leoni et al. 2014) in combination

with data analysis methods targeted on “hard indicators” and “soft indicators”

(Bullen et al. 2009). The failure detection is followed by a second step in which

the impact of the failures on the compliance state at time point tf is assessed. At the

present state of our research we are considering the following three different types

of activity failures

By missed activities it is referred to a set of activities Αmi
t p, t f that in spite of

being relevant for the compliance state at time point tf do not belong to the

compliance enforcement activities at time tp (i.e.Αmi
t p, t f \ Αt p, t f ¼ fg). A missed

activity, for example, can refer to a situation where the compliance team

overlooked the announcement of a new community regulation for noise immission

that will become effective at a certain future date. Consequently, the new regulation

will not be addressed and cause a future non-compliance state. Checking “hard

indicators” in order to detect missed activities means to compare the usual pattern

of monitoring activities with the most recent pattern. Deviations between the

patterns are to be treated as potential activity failures. Checking “soft indicators”

can be performed by evaluating external information sources that store regulation

announcements such as online information services and regulation portals. For

example, assume that one identified a time period in which many new regulation

announcements were published. When during this time period only a small number

of monitoring activities is found in the compliance management data it can be

assumed that the company missed some monitoring activities.

By overdue activities it is referred to a set of activities Αov
t p, t f (with Αov

t p, t f

� Αt p, t f ) that consists of the enforcement activities α j j ¼ 1, 2, . . . ,m; m � nð Þ .
The activities αj are either overdue at the present time point tp or they will miss the

deadline during the time interval ]t p, t f]. To give an example assume that the above

described noise regulation was recognized and in a next step evaluated to be

relevant for the company. As further activity it will be required to decide about

measures to fulfill the noise immission regulation. That is, one needs to schedule a

corresponding decision activity and set an activity deadline. When the decision

activity is not completed in time then it can happen that the measure implementa-

tion activity will not be completed in time, too. This activity failure can ultimately

cause the company to fail the new noise immission regulation and result into a
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non-compliance state. In order to detect overdue activities one can simply check if

activities with violated deadlines exist. In order to complement this approach by an

analysis that is directed at “soft indicators” one can consider activities that have not

violated their deadlines (yet) but that are likely to fail the given deadline. In order to

identify such activities many aspects can be considered including the complexity of

the activity and the resources required. For example, consider a complex measure

implementation activity that involves many people. When the remaining time span

to the deadline is very short it can be assumed that the activity will most likely fail

the deadline.

By imperfect activities it is referred to an activity set Αim
t p, t f (with Αim

t p, t f �
Αt p, t f ) which is composed of activitiesαk k ¼ 1, 2, . . . , l; l � nð Þ. The activities αk
correspond to either terminated activities that violated outcome constraints or

ongoing activities that will terminate during the time interval ]tp, tf] with outcome

constraint violations, too. As an example, consider again the scenario of the noise

immission constraint. Assume that in a further step it was decided to implement a

noise immission fence. An imperfect activity refers to the situation that the fence

(i.e. measure being implemented through a corresponding implementation activity)

will not well enough shield the noise immission. As a result of the failed outcome

constraint the noise limit will be violated which leads to a non-compliance status.

The detection of terminated activities that violated outcome constraints is a rela-

tively simple checking task. The detection of constraint violations for still ongoing

activities is a more complex task that can be performed, for example, by the use of

appropriate prediction methods (Leitner et al. 2009; Salfner et al. 2010) and by

expert judgements.

4 An IS-Based Risk Profiling Approach

Environmental compliance management information systems (ECM IS) inherently

deal with information objects that are processed in the proposed risk management

framework (Freundlieb and Teuteberg 2009; Thimm 2015). It therefore seems to be

a natural consideration to extend ECM IS by a novel risk management service

referred to in the following by risk profiling service. The service performs two steps

that are described in the next section. This is followed by a section with an overview

of a sample implementation approach.

4.1 Risk Estimation and Risk Aggregation

On the basis of the risk framework of Sect. 3 the further conceptualization work

builds on general principles used in occupational safety, health risk assessment

(Nunes 2013), and risk aggregation (David 2008; HM Treasury 2004). In order to
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express different levels of risks a simple five point qualitative scale is used with the

values (i.e. risk categories) very low risk, low risk, medium risk, high risk, very

high risk. Through data about the current set of enforcement activities future risk

levels are estimated based on three factors. The probability that the risk will

materialize in reality is considered as first factor which is assigned a qualitative

scale with the values very unlikely, unlikely, likely, more likely, very likely. The

level of severity by which the compliance status will be impacted when the risk

materializes in reality serves as second factor (scale: very low, low, medium, high,

very high). The third factor refers to the ability to recover a positive compliance

status considering the resources and capabilities demanded and being available for

a full recovery (scale: very good, good, satisfactory, limited, very limited).

To demonstrate the general principles of the estimation method three same

scenarios are described next. As first scenario consider an overdue deadline for a

compliance enforcement measure intended to instruct workers to place toxic waste

material in a special waste disposal box. Under normal circumstances for a lot of

companies the estimation method will assess a very low risk for this hazard. This

result is implied by the fact that one can assume the severity of the impact on the

compliance status to be very little. Furthermore, the ability to recover can be

assumed to be very good. As second scenario let us assume that there exists the

hazard of an overdue deadline for enforcement decisions that are directed at

occupational safety infrastructure components. Examples for such measures to

prevent accidents in the production plant are safety cages and fences to separate

machines from walkways. It can be assumed for a lot of companies that under

normal circumstances a medium or even high risk for this hazard will be assessed.

To also describe a scenario of a very high risk of a negative compliance status

consider as third example a company that develops and produces consumer prod-

ucts. When the engineering department of the company fails to replace a carcino-

gens part of a new product before the production start then the environmental

compliance status of the company is at a high risk.

The above described risk estimation approach is focused on estimating a risk

value for a given single risk instance. In a further step all single risk values are to be

aggregated in a meaningful way so that users can see all risks at one glance. There

exist a number of different risk aggregation approaches that according to David

(2008) can be classified into different aggregation types. For our risk profiling

service we use a risk aggregation approach that is targeted at showing the total

exposure to loss which an organization faces across its portfolio of operations.

Showing the aggregation result can be effectively performed through the generation

of a risk profile that enumerates all risk types for which a risk value has been

obtained. Per risk type for each of the risk categories the respective numbers of

identified risks can be presented in the form of a bar chart.
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4.2 Risk Profiling IS-Service: Sample Implementation
Approach

The proposed risk profiling approach is currently being implemented as a new data

provisioning service of the information system Compliance Center Professional

(CCPro). CCPro is based on an earlier research prototype of an innovative ECM IS

(Thimm 2015) that has been further developed and improved towards typical

requirements of business information systems. CCPro is now available in a beta

version that is provided to selected companies for evaluation and testing purposes.

Figure 2 shows a screen of a special version of CCPro where the main menu item

“Risk Radar” has been selected. As a result compliance status information and also

the risk profiles for three future time point are displayed in the action area of the

window. This screen of CCPro has been devised as a design study in order to

present our vision for compliance risk management to CCPro users and others. The

overall structure of the risk profiling service being implemented as an extension of

CCPro is shown in Fig. 3. The database of CCPro stores data about compliance

regulations, announcements, and all ongoing and completed compliance manage-

ment activities as well as measures. The Regulation Registry, which is a logical

subset of the database, stores a company specific set of legal regulations which are

valid for a specific time period and that are evaluated with respect to their relevance

for the company. The Compliance Management Log which is a further logical

subset of the database corresponds to what sometimes is referred to by Audit Log

(Snodgrass et al. 2004). This log is used in order to record all planed and performed

compliance enforcement activities together with the obtained activity results. The

Risk Management Knowledge Base contains the set of hard and soft indicators

which are the basis of the data analyses to identify activity failures. This component

Fig. 2 CCPro screen showing risk profiles and other risk management information
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also contains risk mitigation rules that are used to generate advice for the users on

how to mitigate identified risks.

The data processing steps are grouped into a Risk Analysis part and a Risk

Assessment part. By using the Risk Management Knowledge Base and through

corresponding analytical methods targeted at the Regulation Registry and the

Compliance Management Log the Risk Analysis first identifies relevant risks.

The Risk Assessment is structured into three steps: (1) the risk evaluation step

performs a qualitative risk evaluation according to the earlier described princi-

ples—that is the risks are estimated with respect to the three factors probability of

risk, severity of harm, and ability for full recovery; (2) the risk aggregation step

performs an aggregation of the set of quantified single risks and generates a

corresponding risk profile in the form of a bar chart; (3) the third step generates

proposals for risk mitigation actions through corresponding mitigation rules defined

in the Risk Management Knowledge Base.

5 Conclusions

The world population’s increasing awareness for the big environmental problems

and the continuing trend for a global harmonization of corporate environmental

standards created an enormous amount of legal regulations that are oriented at the

different fields of environmental protection laws. The large amount of regulations

and the threatening sanctions when a company does not comply with relevant laws

imposes increasing pressure for companies to address the inherent risks of compli-

ance management tasks. The proposed risk profiling information service can help

companies to obtain an effective and risk aware environmental compliance prac-

tice. Through the frequent provision of the company’s up-to-date risk profile the

compliance management experts can get a good understanding of the risk situation
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Fig. 3 Components of the proposed risk profiling service
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and mitigate possible risks before they can cause non-compliance. The proposed

service will be evaluated through a future version of CCPro that is currently being

implemented. It can be expected that this evaluation will lead to insights into the

considered risk types and risk mitigation rules.
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Designing for Engagement: A Case Study

of an ICT Solution for Citizen Complaints

Management in Rural South Africa

Carl Jacobs, Ulrike Rivett, and Musa Chemisto

1 Introduction

This study forms part of South Africa’s Water Research Commission (WRC)

project K5/2114 that investigated the possibility of incentivizing community

engagement in order to improve drinking water supplies in South Africa. The

research was based on the hypothesis that increasing community engagement will

lead to an increased understanding of the current challenges of supplying drinking

water to under-resourced communities. It was also suggested that through improved

communication between communities, Water Service Authorities (WSAs) and

Water Service Providers (WSPs) the ‘experience of greater transparency and

accountability for all stakeholders’ would increase (Rivett et al. 2013).

In order to facilitate and improve the communication between stakeholders,

ICTs (Information and Communication Technologies) were identified as a potential

solution. It had been the original intention of the project to develop a mobile

application that could be used by community members to log complaints remotely

from their handset. However, the study showed that this did not align with the needs

of the communities and municipalities. This paper reflects on the process of

co-design in developing a complaints mechanism in rural environments.
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2 Research Objectives and Methodology

The objectives of the study were to:

1. Establish the status quo of current engagement practices between municipalities

and communities and to identify the challenges facing municipalities and com-

munities when complaints relating to water and sanitation provision are made.

2. Develop and implement a sustainable and context appropriate ICT system that

improves complaints management and the engagement between communities

and their municipalities.

Two municipalities with seven communities in rural Eastern Cape of

South Africa were identified as the study sites. The criteria for the site selection

were based on the rurality index of South Africa (Rivett et al. 2013) highlighting

aspects such as population density, illiteracy levels, unemployment, social grant

dependency etc.

A co-design approach was used throughout the study. Co-design emphasizes

engagement between those responsible for delivering a service, stakeholders and

users (Cruickshank and Deakin 2011). Since the community and municipalities

were co-designers, the needs of each stakeholder were represented in the definition

of the design and paternalistic notions of development were avoided by engaging

with the communities and municipalities directly (Rivett et al. 2014b). This resulted

in important partnerships, between the research team, the municipalities and the

respective communities, being built.

Semi-structured interviews with municipal staff members were held between

March 30th 2014 and April 4th 2014. Five topics were covered: municipal struc-

ture, water and sanitation services, service delivery, customer relations, and

existing information systems. Similarly, semi-structured interviews and focus

group engagements covering the same five topics were held with community

members between May 26th 2014 and May 30th 2014.

The data analysis workshops and brainstorm sessions, both within the research

team and with expert stakeholders, resulted in a first conceptualization of the

system. The conceptual solutions were presented to each municipality between

the 14th and 16th July 2014. After a second iteration, the project and its findings

were presented to municipal stakeholders and members of the research community

on 17th July 2014.

The system was introduced to the municipalities and their communities between

October 27th and October 30th 2014. Communities were informed how the system

worked and what avenues for laying complaints existed. Workshop sessions with

municipal staff members were held. Each municipality and its communities were

asked to begin using the system on Monday the 3rd November 2014. At the time of

writing, the ICT system had only been in use for 2 months. The data presented in

this paper reflects only on this time period.
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3 Literature Review

In South Africa, public participation is a constitutional right. Tsatsire (2008) argues

that public participation must be pursued, not only to comply with legislative

prescriptions, but also to promote good corporate governance.

International experience has shown that citizen and community participation is

an essential part of effective and accountable local governance (Shaidi 2007).

Although part of the new developmental mandate assigned to local government,

public consultation and participation remain a challenges confronting municipali-

ties. Based on previous research, a hindrance to reporting water supply faults by

community members has been the limited understanding of roles and responsibil-

ities of local and district municipalities (Rivett et al. 2013).

Hohmann and Janssen (2012) showed that individuals are more committed to

co-operate if communication between stakeholders increases and if social feedback

reinforces the co-operative nature of an individual. Literature studies show that

ICTs provide a means for improved governance and citizen engagement by pro-

viding access to previously unobtainable information (Asgarkhani 2005; Bertot

et al. 2010).

However, sustainability of ICT applications is low and there is a high degree of

failure of projects. The success or failure of an ICT project can depend on the

design-reality gap that exists between ‘current realities’ and ‘design conceptions of
the e-government system’ (Heeks 2002a) as well as the institution’s adaptive

capacity (Gupta et al. 2010). Heeks (2002b) also highlights that ICT systems that

cannot address prioritized community needs tend to fail. ICT systems that are

context relevant and characterized by simplicity are likely to minimize the

design-reality gap and remain sustainable to the institutions and the people for

which they are developed (Rivett et al. 2014a).

4 Analysing Existing Engagement Practices

Municipalities and communities have established practices in which they engage

with each other. In order to develop a system, the study had to understand existing

practices to enhance the enablers to communication and minimize the barriers.

Unsurprisingly, the challenges identified in the local municipalities were very

similar and can be categorized as follows:

Method of communication:

The most common methods used by citizens to engage with their municipality were

phone calls and “walk-ins”, i.e. walking to the municipal office. However, citizens

often did not know who to complain to and/or laid complaints with the wrong

department. They were also deterred by the financial costs associated with laying a

complaint.
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Municipalities communicated with citizens through community meetings, via

their public communications officers or by posting announcements. Loud hailers

were also often used to inform communities of upcoming meetings.

Method of lodging and tracking complaints:

Complaints were recorded either on a simple excel spreadsheet or in a logbook. No

reference numbers or other tracking mechanisms were used to establish the status of

a complaint. Both municipalities and their communities confirmed the lack of

feedback. The perception of preferential treatment was also highlighted by

communities.

Method of responding to complaints:

Both municipalities were very resource constrained and tasks were allocated on

a priority basis. Aging infrastructure and the large distances between towns added

to the challenge of resolving matters quickly. The internal workflow processes were

informal and relied on institutional knowledge and relationships between staff.

In addition to establishing the challenges, enablers to implementing an ICT

system were identified. Both municipalities had existing IT infrastructures in

place. Technical teams, dedicated to resolving issues of water and sanitation,

were available. Both municipalities displayed a strong willingness to be a part of

the research project and there was a definite interest in taking ownership of the

system. Based on the assessment of the current engagement practices, a number of

important design features were identified:

• The reporting of complaints and issues had to be possible at any time, day or

night.

• The reporting had to be free for citizens.

• The system had to allow for reporting at different locations, including satellite

offices.

• There was a clear need for a feedback loop to include all relevant parties that

respond to a complaint.

5 System Design and Development

Based on the findings highlighted above, a conceptual design of the system was

developed. This is presented, along with descriptions, in (Fig. 1).
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1. Citizens are able to use either a Please-Call-Me (PCM), a toll free line or can

walk to the office to register their complaint.

2. The local office (which can also be a satellite office) will receive the problem and

register the nature of the problem as well as the contact details. This information

will be recorded on the database.

3. The technical team will log into the database daily to review new problems. The

team will schedule a date for the problem to be addressed by and the system will

create a reference number that will be sent via SMS to the citizen.

4. The technical team will update the record on the database once the details of the

problem are clarified.

5. If the problem is still outstanding within 3 days, the local office will review the

problem, investigate the delays and communicate with the citizen.

6. Local councillors or community development workers can log into the database

to review records.

While commercial systems that could be used for this context are available,

e.g. automated call center applications, software systems and off-the-shelf mobile

applications, detailed investigation showed that the systems were unsuitable for

three main reasons: they required substantial customization, a high level of techni-

cal skill and were expensive. Both municipalities had indicated that there was no

budget for any IT software and that it was not foreseeable that this situation would

change. It was therefore decided with the users that a low cost and low-maintenance

system would be the most appropriate.

Fig. 1 Showing the conceptual system design

Designing for Engagement: A Case Study of an ICT Solution for Citizen. . . 69



5.1 System Design and Tools

In order to overcome the distances between municipal offices and ensure that

reporting from different locations is possible, the ICT system was designed to be

web-based with the database and software being hosted on servers at the University

of Cape Town. Using a toll free line and PCM message service to receive com-

plaints ensured that the ICT system incurred no costs to citizens. The database was

designed based on a relational data model. The data is organized in

two-dimensional matrices using primary keys as identifiers between datasets.

For the front end of the software (interfaces), Microsoft Dot Net Framework

(Microsoft Visual Studio 2012) and DevExpress (Developer Express) were used.

The database was developed using MYSQL Database Management System (client

version 5.1.11). The benefit of this was that the system is open source and allows

multiple users to log on simultaneously without interrupting each other. MYSQL-

Visual Studio Dot Net Connector (version 6.6.5) was used to interconnect between

MYSQL and Visual Studio 2012. Since the generation of reports was an important

aspect of the application, Crystal Reports Software (version 13.0.5) was embedded

with visual studio and is used to produce reports that can be exported to PDF,

Microsoft Word and Microsoft Excel formats.

5.2 System Accessibility

Users at the municipality access the system through the web URL address amanzi.
uct.ac.za. System usage is restricted to municipal staff (User) and the iCOMMS

research team (Admin). Figure 2 indicates the roles available to each user case

scenario.

Fig. 2 System access
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6 Findings and Discussion

At the time of writing this paper, the online complaints database system had been

running for just over 2 months. The data and observations pertaining to November

and December 2014 are presented (Fig. 3).

The data shows that community members started using the system immediately

through the various channels. Whilst previous records were limited and make a

numerical comparison difficult, the number of complaints suggests that there was

an increase. Community members were clearly comfortable using the system to

complain and this was confirmed in subsequent interviews held in March 2015.
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The decline in recorded complaints during December was likely due to municipal

staff taking leave over the festive season leading to fewer complaints received during

this period. It is unclear if pending complaints were still being attended to or if their

statuses had not been updated on the system. For the complaints where no feedback

was sent, either no contact number was entered or the number was invalid i.e.: entered

incorrectly. The reason for no contact number being entered was not clear. Citizens

laying complaints may not have owned or had access to a phone or the user of the

systemmay have forgotten to ask for or record a contact number. The lack of feedback

experienced in Municipality 2 was due to the main office developing a “workaround”

to the system. Complaints were uploaded to the online system in batches every

Monday morning. This was because technical teams were out in the field seeing to

complaints during the week and were unable to return to the main office between each

complaint to update the system. This shows that whilst the system was designed with

all stakeholders (including the technical team) the experience of workings with the

system can result in an adaption that was not previously considered. Although it

assisted the technical teams, this “workaround” defeated the purpose of providing

citizens with a reference number and feedback.

6.1 User Feedback from Workshops

The results of the questionnaires categorized below, give an indication of the

municipalities experiences with the system:

Computer and internet access at municipal offices:

The majority of users had access to a computer and the internet and were able to

access the system without difficulty. Only one user stated that they were not

familiar with computers.

System simplicity:

All users stated that the system was easy to use.

System user guide:

Users that made use of the user guide stated that it was easy to understand and

helpful in getting to know the system.

System significance

All users stated that the system was going to make a meaningful contribution

because complaints data could now easily be stored, managed and retrieved. They

also stated they would recommend the system to other municipalities.

Workshop training:

All users stated that the workshop session was helpful with most stating they that

would have in fact been able to use the system without the training.
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Areas of concern that were raised by both municipalities were slow/intermittent

Internet connections and possible abuse of the PCM message service by staff

members and citizens.

7 Conclusions

This paper presented the findings of using a co-design approach to developing a citizen

complaints system for rural municipalities in South Africa. The original intention of

the researchers and funder had been to develop a mobile application that would allow

community members to lodge complaints remotely from their handset.

By making communities, municipality workers and experts in the water and

sanitation field designers of the system, it became rapidly apparent that rather than a

high-tech solution, the mere introduction of a system that allows a “free-at-the-

point-of-use” solution was the preferred option.

The system that was subsequently developed has shown to have a high uptake by

community members and the municipalities. By allowing the co-designers to have

an equal voice in the system design, the agenda was less driven by technology and

more focused on developing a solution that spoke to the needs and abilities of

municipalities and communities.

Although using the co-design approach involved all stakeholders it camewith its own

challenges. The logistics of organizing meetings with all stakeholders present proved

challenging. Decisions often had to be made without everyone available and this,

understandably, left those absent feeling excluded and/or their opinions disregarded.

Both municipalities indicated an interest in expanding the system to include not

only complaints relating to water and sanitation but also other municipality ser-

vices. Given that the system’s design is based on simplicity and ease of use,

transferring it to other application domains would not be difficult.

It is imperative to note that co-design, as an approach for software solutions, is

more time and resource intensive at the outset of a project. Ongoing engagement

requires commitment, time and finances (particularly in remote areas). It also

requires flexibility of the researchers, developers and funders to accept that simple

solutions might be a sustainable alternative.
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An Analysis of the Perceived Benefits

and Drawbacks of Cloud ERP Systems: A

South African Study

Brenda Scholtz and Denis Atukwase

1 Introduction

To stay competitive businesses have to strategically manage their resources which

can be done by the adoption of Enterprise Resource Planning (ERP) systems. ERP

systems can be used as a strategic resource by companies to gain competitiveness

through integration of business processes and optimisation of available resources

(Maditinos et al. 2012). ERP systems work essentially at integrating inventory data

with financial, sales, and human resources data, allowing organisations to price

their products, produce financial statements, and manage effectively their resources

of people, materials, and money (Turban et al. 2010). An ERP system can be hosted

on site or in an offsite server in the cloud. For an ERP system hosted in the cloud,

the host servers for the ERP system are not physically at the premises of the end

user, and if the end user just pays for the right to use the software, then it is called

software as a service (SaaS), which is a form of cloud computing (Berman

et al. 2012; Mell and Grance 2011). Due to cost pressures on companies, there is

a growing trend of adoption of cloud computing systems especially SaaS.

A cloud ERP system allows an organisation to benefit from the ERP system

without having to purchase and maintain the entire Information Technology

(IT) infrastructure (Grubisic 2014). The implementation of a cloud ERP solution

rather than a traditional on-site ERP system provides benefits such as reduced

overhead costs, a significant reduction in time to implement the system and

improved cash flow for the business via a subscription mechanism for use of the

ERP system as the cost is operational rather than a large upfront capital expenditure.
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ERP can be a source of competitive advantage, attracting new customers and

revenue streams (Berman et al. 2012; Ragowsky and Gefen 2008).

A research study performed by IDC (2013b) shows that the cloud IT market is

growing at five times the growth of the overall IT industry. The biggest usage and

growth of this market is in developed economies, growing at 43.6 % (2011–2016).

IDC (2013b) predicts that emerging economies will represent about 25 % of this

market by 2016 with Africa and the Middle East representing 1 % of this market.

South Africa is an emerging economy, so there is a predicted growth potential for

this market. In a study done in Europe (France, United Kingdom, Germany, Spain

and Poland) by Avrane-Chopard and Meunier (2011) it was reported that compa-

nies requiring IT services were considering using cloud solutions for various IT

needs. The number of companies considering using a cloud solution was greater

than those who were against it. Although the study was of European companies, it

further illustrates the premise that cloud computing services are seriously being

considered by companies as alternatives to traditional IT solutions. In the same

study it was found that nearly 80 % of companies that adopt cloud solutions go on to

adopt more cloud services or systems. This could prove the argument that there are

benefits to cloud solutions and that the benefits outweigh the disadvantages

(Avrane-Chopard and Meunier 2011). However with the trend towards sustainabil-

ity several studies are investigating the environmental impact of cloud computing.

Cloud computing can address two areas of a green IT approach: energy efficiency

and resource efficiency by using technologies such as resource virtualisation and

workload consolidation (Priya et al. 2013). However the data centres they utilise

require high energy usage for its operation.

The increase in cloud IT solutions has led to the growth of the cloud ERP market.

Braund (2014) predicted that the growth of the cloud ERP market in 2013 will

remain consistent in 2014. Braund (2014) also noted that there is an increase in

demand for cloud ERP expertise, supporting the notion that cloud ERP usage is

growing. On the other hand a study by Panorama Consulting Solutions (Panorama

Consulting 2014) reported a drop in cloud ERP adoption. This study also reported

that the main reasons for non-adoption of cloud computing are lack of knowledge

about cloud offerings and fear of the risk of security breaches. In a study of cloud

adoption by small and medium-sized enterprises (SMEs) the main reason for not

adopting cloud ERP systems were security concerns (Castellina 2012a).

In a study by World Wide Worx (2014), adoption of cloud computing by SMEs

in South Africa had grown from between 9 % in 2012 to 27 % in 2014. So there is

growth of cloud computing adoption in South Africa. However, in a study about the

awareness of cloud computing by SMEs in South Africa (Mohlameane and

Ruxwana 2014), the understanding of cloud computing by participants in the

study ranged from basic to low understanding (80 % of respondents). In the same

study respondents identified the top challenges of cloud computing to be the

performance and availability of cloud services because they have to be accessed

over the Internet.

There is a gap in research related to cloud ERP systems and particularly in

developing countries like South Africa which have additional technology issues

like bandwidth. Although a few studies have been done related to the adoption of
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cloud computing in South Africa, the perceived benefits and drawbacks of cloud

ERP systems in South Africa is not known.

The aim of this paper is to explore the cloud ERP systems literature and analyse

the benefits and drawbacks of cloud ERP systems. A theoretical model is derived

and empirically validated by means of a survey of South African organisations. The

structure of this paper is as follows: Sect. 2 discusses the importance and growth of

both the ERP system market as well as the cloud computing market. In Sect. 3 the

benefits and drawbacks of cloud ERP systems as identified in other studies is

examined and a theoretical model derived. The methodology and objectives of

the research is discussed in Sect. 4. Section 5 provides an analysis of both the

qualitative and quantitative results whilst Sect. 6 concludes with some

recommendations.

2 Growth and Dominance of Cloud ERP Systems

An ERP system is an integrated suite of modules that forms the basis for operational

and transactional records for an enterprise (Castellina 2012b). In the early years of

ERP systems and its predecessors, it was mainly adopted by large-sized enterprises

(LEs) especially in the manufacturing sector. ERP systems are now widely adopted

in a range of industries to manage business processes. The cost of hosting,

implementing and using these systems was originally prohibitive for SMEs. How-

ever, SMEs are driving the change in new IT concepts and this has led to an increase

in the use of ERP systems in SMEs (Grubisic 2014). According to Gartner (Colum-

bus 2014) the worldwide ERP software market grew 3.8 % from $24.4 billion in

2012 to $25.4 billion in 2013. The biggest driver of the various data reported was

growth of ERP use by SMEs (Hoseini 2012; Jacobson et al. 2007) and companies

with less than 5 years in business (IDC 2013b). ERP spending worldwide is

projected to grow from $26.03 billion in 2013 to $34.3 billion in 2017, attaining

a compound annual growth rate (CAGR) in the forecast period 2012–2017 of 7 %

(Columbus 2014). ERP systems can lead to greater efficiency in doing business and

a more coherent flow of information with all departments in an enterprise using the

same system. It eliminates duplication of information (Maditinos et al. 2012;

O’Leary 2004). However in spite of the potential benefits of ERP systems a survey

by Panorama Consulting Solutions (2014) revealed that 66 % of respondents

indicated that measurable benefits on their ERP solutions were less than 50 % of

what they had anticipated. A general trend of exceeding ERP project budget costs

and duration overruns is also reported. This can be a significant problem for

companies with limited resources. Therefore, companies should carefully plan

their ERP implementation projects to avoid these problems. The project and cost

overruns contribute to realisation of fewer benefits than expected. The Panorama

study also reported that the number of respondents using SaaS and cloud ERP

systems decreased from 2013 to 2014 (from 26 % to 15 %).
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Bughin and Manyika (2012) define cloud computing as the ability to access

highly scalable computing resources through the Internet, often at lower prices than

those required to install on one’s own computers because the resources are shared

across many users. There are several other definitions of cloud computing, but the

most standardised version is by the US Department of Commerce National Institute

of Standards and Technology (NIST). NIST defines cloud computing as a model for

enabling ubiquitous, convenient, on-demand network access to a shared pool of

configurable computing resources (for example, networks, servers, applications and

services) that can be rapidly provisioned and released with minimal management

effort or service provider interaction (Mell and Grance 2011). There are three types

of cloud computing (Mell and Grance 2011). The three types are (Fig. 1), Platform

as a Service (PaaS); Infrastructure as a Service (IaaS); and Software as a Service

(SaaS). Platform as a Service (PaaS) is the capability to deploy onto the cloud

infrastructure consumer-created or acquired applications created using program-

ming languages, libraries, services, and tools supported by the provider. The

consumer does not manage or control the underlying cloud infrastructure including

network, servers, operating systems, or storage, but has control over the deployed

applications and possibly configuration settings for the application-hosting envi-

ronment. Infrastructure as a Service (IaaS) is the provision of processing, storage,

networks, and other fundamental computing resources where the consumer is able

to deploy and run arbitrary software, which can include operating systems and

applications. The consumer does not manage or control the underlying cloud

infrastructure but has control over operating systems, storage, and deployed appli-

cations; and possibly limited control of select networking components (for exam-

ple, host firewalls). Software as a Service (SaaS) is the capability provided to the

consumer use the provider’s applications running on a cloud infrastructure. The

applications are accessible from various client devices through either a thin client

interface, such as a web browser or a program interface. The consumer does not

manage or control the underlying cloud infrastructure including network, servers,

operating systems, storage, or even individual application capabilities, with the

possible exception of limited user-specific application configuration settings.

Private Cloud Community Cloud

Hybrid Cloud Public Cloud

Infrastructure as a Service (IaaS)

Software as a Service (SaaS)

Platform as a Service (PaaS)

Deployment Models

Service Models

Fig. 1 Cloud service and deployment models (Mell and Grance 2011)
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Cloud computing is further subdivided into the following categories: private

cloud; community cloud; public cloud; and hybrid cloud. A private cloud is for

limited use by a single organisation with multiple users. It may be owned, managed,

and operated by the organisation, a third party, or some combination of them, and it

may exist on or off premises. A community cloud is for limited use by a specific

community of users from organisations that have shared concerns (for example,

mission, security requirements, policy, and compliance considerations). It may be

owned, managed, and operated by one or more of the organisations in the commu-

nity, a third party, or some combination of them, and it may exist on or off premises.

A public cloud is for open use by the general public. It may be owned, managed,

and operated by a business, academic, or government organisation, or some com-

bination of them. It exists on the premises of the cloud provider. A hybrid cloud is a

composition of two or more distinct cloud infrastructures (private, community, or

public) that remain unique entities, but are bound together by standardised or

proprietary technology that enables data and application portability (for example

cloud bursting for load balancing between clouds).

By 2015, cloud computing could represent a $70–85 billion opportunity, with

the market set to double every 2 years. In estimation, the SaaS market was predicted

to reach $63 billion in 2014 (Eval-Source 2014). Some technology analysts forecast

that by 2015 cloud computing infrastructure and applications could account for

20 % of total spend in these areas. IDC (2013a) predicts that by 2017 the size of the

cloud computing market will be about $107 billion, up from $47 billion in 2003

with SaaS representing the biggest share of this market. This is a compound growth

of 23.5 %, which is five times that of the IT industry (IDC 2013a).

In a study done by the Aberdeen Group, between 2009 and 2013, there was a

steady increase in businesses which were considering using ERP SaaS at their next

ERP implementation and a decrease in the traditional on site ERP solutions

(Castellina 2014a). However the majority of implementations in the study still

use traditional licensed on-site ERP. Whilst SaaS ERP has increased from 23 %

in 2009 to 47 % in 2013, traditional on-site ERP decreased from 80 % to 60 % in the

same period. In the same Aberdeen Group study, it was found that with newer ERP

installations amongst wholesalers and distributors (less than 2 years old), SaaS was

more popular and with older installations (greater than 2 years old), traditional

on-site licensed ERP systems were more popular.

Adoption of ERP SaaS has generally been slow compared to other cloud

applications such as Customer Relationship Management (CRM) and Human

Resource Management (HRM) (Clear Water Corporate Finance 2013). As busi-

nesses familiarise themselves with cloud applications in categories such as CRM

and HRM, then SaaS ERP has better prospects of being adopted. This view is

supported by Lechesa et al. (2011) who put forward that as organisations adopt

peripheral services via cloud computing, it will eventually lead to procuring all

services in the cloud. Even with increased use of SaaS, there are still security

concerns and negative perceptions or barriers to adoption that limit its uptake by

companies. While, security concerns is the top reason for not adopting SaaS, in

reality research has shown that on site ERP has more security issues as compared to
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cloud SaaS ERP (Castellina 2012a; Utzig et al. 2013). Cloud ERP service providers

have heavily invested in ensuring that their data centres are well secured against any

perceived threat. A security breach can be a public relations nightmare which is one

of the reasons why they are investing millions of dollars on security. However,

more needs to be done by cloud services providers to allay these consumer concerns

as they are just perceptions. In addition, consumers of cloud services should

carefully select their service providers and choose those that are audited by a

third party, which should go some way in allaying the security fears.

3 Benefits and Drawbacks of Cloud ERP Systems

Businesses stand to gain a lot from cloud computing services. They can get access

to infrastructure and software that they pay for on an on-going basis which they

would otherwise not be able to afford. Therefore, cloud computing offers busi-

nesses the opportunity to improve their IT capabilities in a way that they previously

could not (Diamadi et al. 2011). Cloud computing separates IT resources, such as

files and programs, from the devices used to access them which can create many

advantages, such as resource pooling and ability to rapidly upscale or reduce

available resources (Bughin and Manyika 2012). This gives businesses the flexi-

bility to scale up or down on their IT and to make changes quicker. This is essential

as the modern global market place requires companies to be easily flexible and

adaptable to change. This is more relevant to SMEs as they are more adaptable to

take advantage of the changing environment as compared to LEs. They are the

driving force encouraging the IT industry to bring new concepts and innovations

such as cloud computing.

An analysis of studies citing the benefits of cloud ERP systems revealed nine

benefits which were reported the most frequently (Table 1). The most often cited

benefit is the reduced costs of implementation. Cloud services reduce IT costs since

they eliminate the need for in-house IT infrastructure to support the ERP systems. A

third party hosts the ERP system in the cloud on their behalf. This significantly

reduces upfront and operating costs (Aleem and Sprott 2013; Avrane-Chopard and

Meunier 2011; Castellina 2013, 2014b; Duan et al. 2013; Hoseini 2012; Utzig

et al. 2013; Yang 2012). This is particularly useful for companies (such as SMEs)

that rely on a cost effective ERP system. Due to the low cost of implementation and

use of cloud ERP systems, they can be funded as an operational and not as a capital

expense. Some organisations cannot afford elaborate security to their IT infrastruc-

ture. A breach of data can have disastrous consequences. On the other hand, cloud

service providers can afford to invest in robust security for their IT, thereby

benefiting their customers (Aleem and Sprott 2013; Avrane-Chopard and Meunier

2011; Duan et al. 2013; Rader 2012).

With cloud ERP systems, organisations can focus on their core business and let a

third party manage the ERP system for them. This could lead to improved produc-

tivity within the business (Avrane-Chopard and Meunier 2011; Duan et al. 2013;
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Yang 2012). As ERP systems are developed and improved by ERP vendors,

organisations gain from these advancements without significant cost to them

(Avrane-Chopard and Meunier 2011; Castellina 2014b; Duan et al. 2013; Utzig

et al. 2013; Yang 2012). Cloud services give organisations flexibility because they

can be accessed from anywhere that has an Internet connection. This increases

productivity as one does not have to physically be in the office to access the ERP

system. It also ensures business continuity as data is backed up on these systems and

can be accessed if there is an emergency such as fire at the organisation’s premises

(Aleem and Sprott 2013; Avrane-Chopard and Meunier 2011; Castellina 2013,

2014b; Duan et al. 2013; Hoseini 2012; Rader 2012; Utzig et al. 2013). Due to

cloud ERP systems, business efficiency is improved since the decision making

process in the organisation is made quicker and easier due to ease of access to data.

All data such as sales figures and inventory is stored in one system that can be

accessed from anywhere. This data storage system also leads to improved collab-

oration between the different divisions of the business and their customers

(Castellina 2013, 2014b). Improved collaboration of the divisions in different

locations helps to better serve customers.

Cloud ERP systems lead to easier scalability of the ERP system if the business

grows. There is no requirement from the end user to invest in new infrastructure.

This is done by the cloud ERP vendor or host (Castellina 2013, 2014b; Rader 2012;

Utzig et al. 2013). Cloud ERP systems have the ability to decrease data execution

time since a lot of data can be processed in a shorter time (Aleem and Sprott 2013).

This ability is one of the main reasons organisations opt towards the cloud. For all

the benefits of cloud computing, several studies have mentioned the disadvantages

(Table 2). These disadvantages could responsible for some organisations not

Table 1 Benefits of cloud ERP systems

Benefits Reference literature

Reduced IT costs Aleem and Sprott (2013), Avrane-Chopard and Meunier (2011),

Castellina (2014b), Duan et al. (2013), Hoseini (2012), Utzig

et al. (2013), Yang (2012)

Focus on the core

business

Avrane-Chopard and Meunier (2011), Duan et al. (2013), Yang

(2012)

Access to latest ERP

developments

Avrane-Chopard and Meunier (2011), Castellina (2014b), Duan

et al. (2013), Utzig et al. (2013), Yang (2012)

Improved IT security Aleem and Sprott (2013), Avrane-Chopard and Meunier (2011),

Duan et al. (2013), Rader (2012)

Flexibility Aleem and Sprott (2013), Avrane-Chopard and Meunier (2011),

Castellina (2014b), Duan et al. (2013), Hoseini (2012), Rader

(2012), Utzig et al. (2013)

Improved business

efficiency

Castellina (2013, 2014b)

Easier scalability Castellina (2014b), Rader (2012), Utzig et al. (2013)

Decreased data execu-

tion time

Aleem and Sprott (2013)

Improved collaboration Castellina (2013, 2014b)
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adopting cloud ERP. One of the most frequently reported disadvantages of cloud

ERP systems are the major additional costs during implementation (Duan

et al. 2013; Utzig et al. 2013). Cloud ERP systems offer basic functionality and

generally don’t offer extensive customisation which on-site traditional ERP sys-

tems offer. Therefore, any elaborate customisation will come at a high cost.

Another frequently reported disadvantage is the security risks which are outside

the control of the end user (Duan et al. 2013; Yang 2012). This is particularly

concerning for the end users because ERP systems are an integral part of their

business processes. A security breach can have disastrous consequences such as

loss of data. With cloud ERP systems there is a risk of not having a clear

performance based service level agreement (SLA) on which to base subscription

expenses (Duan et al. 2013).

Cloud ERP systems have strategic risks because part of the IT department is

outside the control of the organisation (Duan et al. 2013). The end user has to trust

that the service provider will run and maintain the system with integrity and ensure

good reliability. With outsourcing, companies might be compelled to reduce the

number of employees in their IT department and outsource instead. Slow Internet

speeds and an Internet service outage can lead to ERP system downtime for the

client (Yang 2012). Because cloud ERP systems are accessed via the Internet, the

end user does not have control over the speed of the Internet connection. This can

lead to loss of productivity and lead to a complete lack of access to the cloud ERP

system. Before adoption of cloud ERP systems, it is imperative for companies to

evaluate the advantages and disadvantages of cloud ERP systems along with the

companies’ internal resources and capabilities. This will guide the companies on

the type of cloud service and deployment model to adopt and improve the chances

of ERP implementation success.

4 Research Methodology

The problem that this study addresses is that there is a lack of knowledge related to

the extent of understanding of cloud ERP systems advantages and disadvantages. It

is not evident how much companies know about cloud ERP systems and why or

Table 2 Drawbacks of cloud ERP systems

Drawbacks Reference literature

Additional costs Duan et al. (2013), Utzig et al. (2013)

Security risks Duan et al. (2013), Yang (2012)

Lack of clear service level agreement Duan et al. (2013)

Limited customisation and integration options Duan et al. (2013), Utzig et al. (2013)

Strategic risks (IT outsourcing) Duan et al. (2013)

Loss of IT competencies due to outsourcing Duan et al. (2013)

Increased downtime Yang (2012)
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why not companies adopt cloud ERP systems (the reasons for adoption and

non-adoption). The primary objective of this paper is to establish the advantages

(benefits) and disadvantages (drawbacks) of cloud ERP systems as perceived by

South African companies. The main research question is therefore “What are the
advantages (benefits) and disadvantages (drawbacks) of cloud ERP systems as
perceived by South African companies?”

A literature review was undertaken to create the theoretical model and a survey

research strategy was adopted to empirically validate the model and answer the

research question. The scope of the survey was limited to companies in

South Africa and respondents were IT managers, line managers and IT profes-

sionals. Data was collected via an on-line questionnaire which was emailed to

49 companies. Of these 41 complete responses were received. The response rate

cannot be measured because it is not clear how many companies received the

questionnaire. The closed-ended questions were measured on a 5-point Likert

scale (where 1¼ strongly disagree and 5¼ strongly agree). Respondents were

given a set of statements about the advantages (benefits) and drawbacks (disadvan-

tages) of cloud ERP systems. These were derived from the literature review. The

following statistical ranges (categories) were applied to the analysed data: negative

[1–2.60), neutral [2.61–3.4) and positive [3.41–5).

5 Analysis of Results

In terms of their employment status, the majority (27 %) of respondents were in

middle management. Collectively 68 % of the respondents are in management,

22 % are senior employees and 10 % are junior employees (Fig. 2). Each respondent

represented one company. The companies in the survey are from a wide range of

industries and were classified into nine types of industry. The top three industries

repented in the survey were IT (24 %), manufacturing (22 %) and engineering

services (22 %). Of the 41 companies that took part in the survey, 15 (37 %) have

more than 500 employees and in total 23 (56 %) have more than 200 employees.

Therefore, 56 % (n¼ 23) of the companies that completed the survey are LEs and

44 % (n¼ 18) are SMEs. By definition, depending on the sector, in South Africa

SMEs have less than 200 full time employees (National Small Enterprise Act

102 1996).

20%

22%

27%

22%

10%

0% 5% 10% 15% 20% 25% 30%

Executive Management

Senior Management

Middle Management

Senior Employee

Junior Employee

Fig. 2 Profile of respondents’ status in the company (n¼ 41)
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The biggest advantages of cloud ERP systems were identified from the survey

and selected based on the percentage of respondents which Agree and Strongly

Agree with the statements provided. The top three are (Table 3):

• Flexibility because they can be accessed from anywhere (90 %)

• Improved collaboration between the different divisions of the business and their

customers (73 %)

• Improved business efficiency (73 %)

The overall mean is in the positive range (μ¼ 3.81). Of the nine statements,

seven had a positive rating and two were neutral. This shows that the respondents

agree with the statements about the benefits of cloud ERP systems. Therefore it can

be deduced that South African companies have a good understanding of the

advantages of cloud ERP systems. These results agree with the study by Avrane-

Chopard and Meunier (2011) as to why companies have adopted cloud computing.

From the survey the top advantage of cloud ERP systems is to give the company

flexibility and ease of access of the system.

Respondents were given statements about the disadvantages (drawbacks) of

cloud ERP systems and they had to rate them on a 5-point Likert scale. The top

three drawbacks of cloud ERP systems based on the percentage of respondents

which Agreed or Strongly Agreed with the statements provided, are (Table 4):

• Pose security risks which are outside the control of the end user (51 %)

• Lead to strategic risks as a part of the IT department is outsourced (51 %)

• Increased down time due to slow Internet speeds or outage (49 %)

Of the eight statements, two had a positive rating, five were neutral and one was

of the eight statements, two had a positive rating, five were neutral and one was

negative. The overall mean is neutral (μ¼ 3.22). It could be deduced therefore that

South African companies do not agree in general with the studies analysed in this

Table 3 Perceived benefits of cloud ERP systems (n¼ 41)

Mean S.D.

Strongly

disagree/

disagree Neutral

Agree/

strongly

agree

n % n % n %

Flexibility 4.54 0.90 2 5 2 5 37 90

Improved collaboration 4.12 1.00 2 5 9 22 30 73

Improved business efficiency 4.02 0.91 1 2 10 24 30 73

Access to latest development in ERP

systems

3.90 0.89 3 7 9 22 29 71

Scalability 3.90 0.97 4 10 9 22 28 68

Focus on core activities 3.83 0.89 2 5 14 34 25 61

Reduce IT costs 3.59 1.20 7 17 11 27 23 56

Decreased data execution time 3.34 0.76 5 12 19 46 17 41

Improved IT security 3.05 1.14 13 32 16 39 12 29
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paper. This could be due to differences in other countries or due to lack of real

knowledge and understanding regarding the drawbacks of cloud ERP systems by

South African small and medium sized companies. Future research is required in

order to analyse this further.

6 Conclusions and Recommendations

The respondents have a good understanding of the benefits of cloud ERP systems.

The top benefit of cloud ERP systems as perceived by South African companies is

that it gives companies flexibility because they can be accessed from anywhere. The

respondents’ understanding of the disadvantages of cloud ERP systems is neutral.

The top disadvantage of cloud ERP systems as perceived by South African com-

panies is that it poses security risks which are outside the control of the end user.

The paper provides a valuable contribution in terms of providing a more in depth

understanding of the literature regarding cloud ERP systems, especially in devel-

oping countries such as South Africa. The benefits and drawbacks identified can be

used to assist ERP vendors with marketing their cloud solutions. The results of the

survey highlighted the perceptions of SMEs and larger companies in South Africa

with regards to cloud computing. Future research could expand the study to larger

companies.
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Collaborative Network Platform Solution

for Monitoring, Optimization, and Reporting

of Environmental and Energy Performance

of Data Center

Gamal Kassem, Niko Zenker, Klaus Turowski, and Naoum Jamous

1 Introduction

The production of data center components entails significant environmental impacts.

However, data center operators seldom consider these impacts in their purchasing

decisions. Many other factors have to be considered in purchasing decisions. These

include the different components life cycle phases that have on total environmental

impact associated with the production, distribution and disposal of the component/

device. Aggregately considered as a result of energy efficiency gains in the use-phase of

the new component, energy efficiency gains should be possessed by a new component,

if the replacement of the older and less energy efficient component can be justified under

the consideration of environmental concerns. For example, the results show that the

production phase of some notebooks, which contains about 56% (214 kg CO2 emission

in 5 years) of the total greenhouse gas emissions, creates a significantly higher impact

than the use phase (Federal Environment Agency 2012). Moreover, the environmental

impacts of the production phase of data center components are so high that they cannot

be compensated in realistic time periods by energy efficiency gains in the use phase.

Awareness raised by societal and political entities is present in the form of

memorandums and statements but lacks operable and deployable solutions.

MORE is considered an operable solution which enables data centers to fulfill

environmental policy and to consider societal awareness by measuring, reporting,

and controlling EPIs such as CO2 emissions, water waste, and the other environ-

mental impacts of data center processes.

One of the relevant measurements which aims to control the power usage in data

centers is Power Usage Efficiency (PUE). PUE was developed by The Green Grid
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association (TGG) in order to compute how much power is actually used by the

computing equipment. In other words PUE is the ratio of the total amount of power

used by a computer data center facility to its IT equipment power (The Green Grid

2008), PUE has become one of the most famous metrics in this field. In Belady

et al. (2010) two other metrics are introduced which are intended to illustrate CUE

for CO2 emissions and WUE for water consumption.

Another tool to assess and evaluate the energy efficiency in data centers is the data

center maturity model (DCMM). DCMM was invented in 2010 by The Green Grid

(TGG) to provide clear capability descriptions of a data center so that owners/operators

can benchmark their current performance; power usage, cooling requirements, com-

putation ability, and storage capacity determine a data center’s level of maturity.

DCMM divides maturity into the levels from 0 to 5, with 0 being the minimum and

5 being the maximum, and it planned to be achieved in 2016 (The Green Grid 2011)

The IT industry, computer manufacturers, and governments are becoming

increasingly concerned with the energy use of IT equipment. This is why the

Standard Performance Evaluation Corporation (SPEC) developed SPECpower in

2007 a piece of benchmark software in order to enable manufacturers to better

compete based on power consumption, and it also helps IT managers design data

centers with more energy efficiency (SPEC 2012). SPECpower is the first step

towards building energy efficient data centers because it concerns itself with the

manufacturing of IT equipment at companies such as AMD, Dell, Intel, etc.

The European standard EN 50600 was invented in 2011 to address energy effi-

ciency in data centers. It specifies the classification of systems based upon the key

criteria of availability, security, and energy efficiency, and it specifies the measure-

ment methodologies and report formats in monitoring the performance of data center

facilities and infrastructures. The necessary management and operational information

is specified in subsection EN 50600-2-X (Austrian Standards Institute 2012).

MORE aims to conduct all needed measurements on the aforementioned

methods, frameworks, models, and standards related to energy consumption effi-

ciency at the usage phase in data center sector. And it aims to also introduce them as

standardized Usage Performance Indicators (UPIs).

Service Level Agreements (SLAs), IT regulatory compliance, and other require-

ments of IT service framework like the IT Infrastructure Library (ITIL) (Beims 2009)

or COBIT (ControlObjectives for Information andRelated Technology) are examples

of such regulations. Thus, the financial aspect and the strategic success of the data

center organization in the long term depend heavily on compliance with such regula-

tions. MORE introduces Business Performance Indicators (BPIs) as a subset of

MORE KPIs measuring business oriented performance indicators regarding financial

issues such as cost, utilization, and rejection rate. On other side, there are internal and

external regulations that should be maintained, such as mean time between failures,

mean time to repair, etc. SLA values such as response time, availability, and network

throughput, etc. must be considered. Many factors influence each other in services

described by SLAs, so the relationships need to be modeled and standardized. If these

relationships are known, the interpretation of data obtained from a simulation model

helps to get coherent approximations. The use of these relationships must be viewed

critically. The simulation approach presented in MORE is based on techniques of
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discrete simulations, because individual interaction events between services and

hardware can be defined as countable, finite sets (Banks 1998).

2 Concept: MORE in a Nutshell

The business objectives of deployment of BPIs as an important part of data center

related KPIs are:

• To comply with national legislation and inter-governmental conventions

• To better internalize BPIs in local, intra-organizational activities, and decision-

making processes

• To technically integrate BPIs in local IT environments and beyond

• To better analyze employability and impact of BPIs for selected case-specific

business environments and business networks

• To technically access BPIs for a range of users, regardless the level of

pre-existing knowledge in ICT skills

• To foster usage of BPIs based on the impact they generate in business, society,

and environmental protection

MORE considered various perspectives in data center sector. These perspectives

focus on three interrelated areas (Fig. 1): Environment, Usage Effectiveness, and

EPIs BPIs UPIs

Description of Standardized Data Center KPIs
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Business. They are represented and aggregated as data center Key Performance

Indicators (KPIs) in the MORE concept and are divided into the following: Envi-

ronmental Performance Indicators (EPIs), such as energy, water, CO2 consumption,

and other polluting emissions; Usage Performance Indicators (UPIs), such as Power

Usage Effectiveness (PUE), Carbon Usage Effectiveness (CUE), and Water Usage

Effectiveness (WUE), and Business Performance Indicators (BPIs), such as Cost

and SLA Values including response time, availability, and network throughput, etc.

In MORE we define different components of a data center and how any changes

to their values influence the optimization of energy consumption. The desired

optimum should be set so that lower power consumption represents the trade-off

between execution time (service level) and energy consumption of data center

components. To obtain optimum power consumption, a trade-off must be made

between execution time on a service level and the way components are utilized,

such as turning off of some servers.

Optimization approach based on Non Deterministic Resource Framework

(NDRF)—The NDRF evaluates approaches to saving energy in data centers.

Furthermore, it includes a data center simulation that uses a defined input (service

descriptions) and a characterization of hardware to provide a quantitative result,

which includes energy saving potential and expected service levels. Thus NDRF

establishes the correlation between software services and its corresponding con-

sumption behavior on data center components like energy consumption on the

server, consumption of the cooling, and storage (Zenker 2012).

3 MORE Architecture

Figure 2 provides an architecture overview of MORE and concludes the introduc-

tion of the key concepts of MORE. The structure contains three logical and

technical layers: Presentation, Platform and Database.

The components of presentation layer stand for user interface (UI) where the

user is able to access the suit of tools such as collaboration, monitoring, optimiza-

tion, and reporting. In addition, administrative activities for the end-user are also

provided. With administrative permissions the user can customize his own data to

meet the requirements of his organization and calculate and compose his own KPIs.

The user also has the possibility to provide selected KPIs of his organization as a

web-service to the public and/or to consume the publically provided web-services

of other organizations.

The components of Platform contain the runtime environment of the system

and system processes, which are supporting the user by the development, admin-

istration, execution of MORE services. The services are logically divided into two

kinds of services;

MORE suite services support the user by collaborating, monitoring, optimizing,

and reporting activities. MORE suite services would also be provided as

web-services which would be used by third party system (external systems, smart

92 G. Kassem et al.



phones, PDAs, etc.). MORE should support the user by developing, calculating,

composing, searching, providing, and consuming KPIs. Therefore, the platform

supports the processing of the services from tow perspectives:

Service runtime is responsible for processing MORE suit services. The “Service

Engineering Workbench” of MORE suites enables the developer to customize and

manage MORE tools services and, Platform services are responsible for the man-

agement and processing of KPIs, and they support the administration of the KPI

Service Repository.

All services processed by the MORE suite platform deal with KPIs, even

optimizing activities based on monitoring of KPI values. The needed standardiza-

tion of KPIs in the data center sector is defined by the KPI Standardization

component which the semantic description approach (language) of KPI defines

using ontology. The main contribution of the standardization component is based

on an approach which guides one on how to drive data center KPIs with a unified

format and characterization to ensure KPIs consistency. Data center KPI derivation

is not only driven by national and international environmental standards, compli-

ance frameworks, or data center related standards,1 Data center Usage Effective-

ness (power, water, and carbon), ITIL or COBIT, but also specific enterprise

regulations in order to enable data center organization driven by its own specific

KPIs. In this way, the system reaches high performance related flexibility.
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1 As DC Maturity Model, ISO 14040 Series Standard, Life Cycle Assessment (LCA), EN 50600,

SPECPower, and SLAs.
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Database layer’s components integrate both historical and transactional data.

Historical data deals with data, which has to be evaluated and analyzed in several

facts and dimensions. Because of historical characterization such data it cannot be

changed. So energy consumption values consumed by data center components

cannot be changed from past values, otherwise it would be a falsification of facts.

KPIs often refer to such historical facts and therefore a data warehouse

(DW) database is frequently used. Furthermore, DW systems generally provide

an ad hoc Online Analytical Processing (OLAP) engine for flexible querying and

reporting. With multi-dimensional modeling techniques, KPIs are modeled, calcu-

lated, and stored in the database according to the KPI standardization component

defined in the platform.

Transactional data deals with data, which can be manipulated by the end-user

and characterized by online processing of relevant master and transaction data.

Meta data such as descriptions of standards and structures of standardized KPIs as

well as administrative activities of the Platform can be considered data, which is

suitable to be modeled and stored in a relational database. To ensure the consistency

of the data stored in both databases and their relationships, data synchronization on

a database level has to be executed automatically.

3.1 Reporting

A major objective of the MORE is the identification of potential information of

energy and other environmental data in data centers. This entails the collection,

aggregation and providing of data in a standardized form. On one side, it serves

various reporting needs in the company such as administrative reporting, mandatory

corporate reporting, SLA reporting, corporate communication, and management

reporting, and on the other hand, it facilitates and controls operational and strategic

business decisions such as supplier selection of spare parts and energy supplier, as

well as optimizing data center infrastructure, e.g. supplying power to different

hardware components according to load balancing techniques, optimizing cooling

and distribution of data storage, and controlling IT software service output from the

data centers. The MORE Services help to access relevant internal/external energy

and environmental information sources. The users then choose among consumption

channels to access internal and external data.

Supply and distribution chains can be better supported by more reliable and

faster ways to collect and process data for product specific EPDs “Environmental

Product Declarations”. EPDs are international tools used for transparent and reli-

able reporting of environmental aspects. They also report impacts of products and

services in business to business transactions and business to customer transactions.
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3.2 Monitoring and Optimization

As a basis for a reliable and conclusive interpretation of events and states of a data

center, the monitoring component is important. Monitoring itself is important to

identify problems like outages of server or service components, though it is

nowadays widely used to support ITIL based processes like incident or problem

management. As intended by MORE, the usage of monitoring data enables an

online view of current system states with the goal of optimizing the current usage

effectiveness of the whole data center.

This can only be enabled if both the structure of the data center’s components

(hardware and software) and the monitoring levels are corresponded and described

semantically by descriptive standardized language (ontology). This ontology will

be useful for different monitoring systems in order to enable the usage of a large

variety of client systems. Especially the usage of open source components, like

Nagios2 (2012), is a major enhancement for MORE and the optimization of data

centers.

MORE provides automatic usage adaptation to existing resources used by

requested software services so that the energy consumption can be optimized in

compliance with SLAs. The relationship between the energy consumption of

resources and the loads of the requested services is usually a non-linear relation-

ship. Non-deterministic methods are used to ensure appropriate automatic optimi-

zation of resources. MORE does the online forecast of future operations and their

impact on the energy consumption of the data centers. This forecast is used in order

to provide information about optimization means that include more than just the

migration of services to other servers. In each case, co-hosting on a single node is

considered in order to have effective resource utilization. In the same way, distrib-

uting on different node is considered to ensure compliance with existing SLAs.

The monitoring system provides all necessary data for the NDRF component in

the architecture in order to predict future system states. This prediction is used by an

IT-Operator (can by automatic) to optimize the current utilization of the complete

data center or provide recommendations for manual infrastructure adapting activ-

ities (Fig. 3).

The basis of each prediction is an assumption that is processed by the NDRF, and

after a positive evaluation of this assumption it becomes a likely candidate which

will be used for further processing. After the confirmation phase of that candidate

and subsequent validation of its possible outcomes is presented to the MORE

framework presentation layer. This set of assumptions is not limited to new entries.

The set will be filled with standard-procedures in IT Operations, like migration of

virtual machines, power-down of hardware components, etc. Each new optimiza-

tion approach may create promising assumptions that are created to the set of

possible assumptions. As review cycles and information validation is important

2Nagios is an open source computer system monitor, network monitoring and infrastructure

monitoring software application.
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for the outcome of the optimization this process is also standardized. It will follow

action research principle. Figure 4 represents the basic set up of the upcoming

optimization challenges and the stabilization of each result.

3.3 Collaboration

The MORE collaboration platform promotes the integration of data center organi-

zation in smart grid infrastructures of urban regions by sharing selected EPIs and

KPIs as services and integrating task holders into the platform (data center partner,

equipment supplier, power supplier, IT service provider, etc.) to promote collabo-

ration between them for smart grids in the form of broadband infrastructure

including sharing engineering works and reusing infrastructures and services.

Data centers can also benchmark themselves against others. In this way they can

ensure their efficiency (policy) meets the markets requirements. Data center KPIs as

services are provided by MORE for benchmarking many organizations especially

SMEs that don’t have the ability to asses all data center components or the

knowledge. Approximations and specifications of data shared by other members

through the collaborative network platform can be used when they show the same

components with similar structure. Average values can also be selected from

supplier database.

EPIs

BPIs

UPIs

Non deterministic framework 
(Evaluation)

Center Components DataRecommendations

Data Center KPIs Software services

Fig. 3 MORE optimization
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MORE also establishes a collaborative network platform to promote the collab-

oration between involved organizations through exchanging of expertise and infor-

mation. For non-structural data, MORE provides collaboration tools as Document

Management Systems (DMSs), internet forums, and links to social networks.

Depending on the KPIs provided by MORE, many strategic and operational

activities can be supported, such as optimizing cloud computing processes by

using external data center resources of partner organizations, supporting decisions

related to purchasing new equipment, or establishment new eco friendly technolo-

gies. These are all examples of results of such collaborations.

3.3.1 Collaboration Example

Based on the analysis of KPIs provided by MORE monitoring and reporting tools,

the management of an organization instructs the data center administrators to

analyze the energy market in order to find possible power suppliers that are the

most eco friendly, inexpensive, reliable, and integrated with smart grid city infra-

structure. The data center staff analyzes the KPI services provided in the MORE

collaboration platform by different power supplier networks. According to EPIs of

the supplier and the requirements of the management, the staff can select power

suppliers quickly and efficiently. They can also buy power from different suppliers

for different periods of time to ensure the best possible performance in the data

center. Thus, power used at night can be delivered by a specific supplier with more

favorable terms, such as price and better EPI values. KPIs are not the only deciding

factors supporting such decisions, experience of other organizations and their

reviews of the power supplier are as well, e.g. reliability or supporting of services.

MORE considers evaluations of other organizations and provides unstructured

information, such as documents about pricing models and contract terms, creating

optimal conditions to make a decision.

Fig. 4 Basic set up of stabilized and validated data according to Ortner (1999)
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4 Conclusion

Normally, data center member staff envisions MORE from a technical point of

view. In an actual situation, environmental impacts, energy usage effectiveness, and

compliance of business regulations as SLA criteria are critical for customer deci-

sions. Therefore, they must take into account the service portfolio definition and

offering of the company. In case criteria are not standardized, the advantages and

disadvantages of competitors based on their environmental performance are neither

measurable nor applicable. KPIs3 will allow an ICT department to simply evaluate

the advantages of a competitor and to incorporate them into the local IT environ-

ment through MORE services. Resulting in an assessment of competitive advan-

tages, KPIs can then be offered uniformly by all providers. This case assumes that

the company wants to add a KPI to its service portfolio that is not included in their

services. The company assesses theoretical information about this KPI, obtains the

internal information to deploy it, and the ICT department incorporates the KPI into

the local IT environment. As outlined in the architectural model, data center

member staff use their technical knowledge to retrieve KPI databases and third

party services. Based on, MORE-platform provides streamlined access to the KPI.

The next phase of MORE is to deploy it in the real market to evaluate its capability.
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Using Social Media to Improve

Environmental Awareness in Higher

Education Institutions

Thabo Tlebere, Brenda Scholtz, and André P. Calitz

1 Introduction

Environmental awareness campaigns provide individuals with the necessary

knowledge, skills and attitude to prevent issues facing the environment (Apil and

Okaka 2013; Talero 2004). Awareness of environmental issues is important since it

can assist individuals and social groups to acquire a sense of sympathy towards the

environment (Zs�oka et al. 2013). Social media are focused on social aspects such as

communities, participation, openness, conversations and connectedness (Katajisto

2010). Several environmental awareness campaigns have been successfully

conducted using social media (Idumange 2012; Kaur 2015). According to Kriek

(2011) social media have become very popular over the past years. The number of

adults who engage on them has increased by 57 % from 2007 to 2011. Research

related to the design of social media campaigns is limited especially in the context

of environmental issues in higher education. In addition there is a need for evalu-

ating the social media used in these campaigns.

The primary purpose of this paper is to investigate whether environmental

awareness campaigns have the ability to improve peoples’ environmental knowl-

edge and ultimately their awareness. In order to achieve this, a conceptual Social

Media for EnviroNmental Awareness (SMENA) model was designed. The model

was implemented in a South African university to facilitate an environmental

awareness campaign that seeks to increase the environmental knowledge and

awareness of students. The SMENA incorporates and uses various popular social

media namely Twitter, Facebook and an in-house social media website (SMENA

website) to create awareness of environmental issues. The participants were
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required to use the SMENA social media to perform activities as requested by the

researcher. The environmental knowledge of the participants was tested before and

after the participants performed tasks on the SMENA social media as part of the

environmental awareness campaign.

A literature review regarding social media used for environmental awareness

was conducted (Sect. 2). There are several evaluation factors and guidelines for

improving the success of social media campaigns (Sect. 3). The research method-

ology used was selected in order to meet the research objectives of this study

(Sect. 4). The participants in the study were undergraduate students and whilst

the results were generally positive, some challenges were encountered (Sect. 5). An

analysis of the results revealed several conclusions and recommendations (Sect. 6).

2 Social Media for Environmental Awareness

Environmental education is associated with providing individuals with an in-depth

understanding of environmental issues and also with the provision of skills which

can assist individuals to make accurate decisions with regard to the environment

(EPA 2013). Environmental awareness is a component of environmental education.

According to Hungerford and Volk (1990) environmental awareness provides

social groups and individuals with awareness and sensitivity towards the environ-

ment and the issues affecting it. Altaher (2013) confirms that environmental

awareness is the perception of human activities affecting the environment and a

behavioural inclination to protect the environment. Furthermore, there is a positive

correlation between environmental awareness and environmental knowledge which

implies that an increase in environmental knowledge leads to an increase in

environmental awareness (Hungerford and Volk 1990; Ramsey and Rickson

1976; Zs�oka et al. 2013). One objective of higher education institutions is to

adopt environmentally friendly practices and to improve environmental awareness

of individuals within the environment of the institution (Disterheft et al. 2012).

Chaineux and Charlier (1999) argue that people’s awareness of the environment

can be improved if seamless communication is maintained between environmental

information providers and consumers. The interaction between the provider and the

consumer should incorporate information that can enhance the consumer’s envi-

ronmental knowledge, skills and knowledge about technologies that can support the

environment. The information should also include ways to identify and access

environmental information and information sources. Lively (2011) argues that

social media have the ability to be the driver of sustainable development and can

assist in creating environmental awareness. Social media applications enable users

to interact with each other from online communities (Shinton 2012). Social media

users interact by generating and distributing content (media and text), which

enables them to communicate and collaborate with each other (Jussila et al. 2011;

Lee and Ma 2012).

Social media can be divided into different categories (Katajisto 2010). These

categories are: content creating and publishing in social media; content sharing in
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social media; collaborative producing in social media; virtual worlds and social

networks. Social networks are the most popular types of web-based social media

(Cheng et al. 2010). Facebook is the most popular social networking site as it has

more than one billion users who are active on it on a monthly basis (Khang

et al. 2012; Lee 2012). Other popular social media include the video sharing

channel YouTube with 35 h of video content posted every minute, Twitter, a

micro-blogging site with 200 million users, and Flickr which made more than six

billion photographs available to users (Khang et al. 2012; Madrigal 2013).

Environmental campaigns rely heavily on information and seek to provide

individuals with the proper knowledge, skills and attitude to address environmental

problems (Apil and Okaka 2013; Mooney et al. 2009). Mooney et al. (2009)

confirm that environmental awareness campaigns play a big role in improving an

individual’s environmental awareness and changing their attitudes towards envi-

ronmental issues. Numerous environmental campaigns have been conducted using

social media, for example social media have been used to foster environmental

behaviour, to get petitions signed, to provide news, to provide motivation and to

improve awareness (Kaur 2015). Social media are effective in carrying out envi-

ronmental campaigns because they have the ability to distribute information

quickly and are cost effective. Idumange (2012) confirms that social media are

able to support environmental initiatives because they are able to reach a wide

spectrum of audience. They can be easily accessed; they are easy to use; they enable

users to get instant responses, and they allow instant modification of responses by

means of comments. Idumange (2012) also adds that the various social media sites

such as Blogs, Facebook, Twitter and YouTube can be used in multiple ways to

raise environmental awareness. However, there is a cost associated with using these

social media for environmental campaigns, which is the cost of the time and effort

required for participation in content creation and sharing.

3 Social Media Usage

The use of social media sites increases daily and their value is mainly dependent on

user interactions (Xu et al. 2012). Social media can be used for both leisure and

professional purposes (Monnonen and Runonen 2008). Within organisations mar-

keting professionals utilise social media to conduct marketing campaigns in order

to support organisational brands and to improve relations with stakeholders (Khang

et al. 2012; Michaelidou et al. 2011). In higher education the use of social media is

common amongst university students who use them during their leisure time

(Dhume et al. 2012) and are also accessed at university where they are used by

students for communication, collaboration and learning (Tess 2013). The use of

social media for learning in higher education institutions makes learning more

student-centred (Gikas and Grant 2013). Tess (2013) adds that including social

media in learning in higher education can improve the effectiveness of communi-

cation. However, Tess (2013) agrees that most students that have social media
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accounts rarely use social media for educational purposes; instead they mostly use it

for communicating with friends and career networking. Furthermore, Hussain

(2012) confirms that students mainly use social media for enjoyment, accessing

their academic information and current affairs.

Critical Success Factors (CSFs) and guidelines were identified for using social

media within organisations and higher education institutions for various purposes

such as communication and marketing (Table 1). One of these factors is internet

usage, since policies relating to internet usage can affect students’ use of social

media (Falahah and Rosmala 2012). The background of the user and their social

media usage behaviour can also affect their usage. The goals and objectives of the

campaign and the social media should be identified in the beginning phase of the

campaign (Roberts 2010; Thackeray et al. 2008; Walther 2010). It is also important

to select social media applications that best match the campaign’s objectives and
that allow students to carry out work in ways that are common to them (Roberts

2010; Thackeray et al. 2008). Roberts (2010) suggests that students’ readiness and a
change management strategy should be considered prior to starting the campaign. It

is important to identify metrics that will determine the value of using social media

for the campaign (Roberts 2010) and to decide on the campaign duration (Thack-

eray et al. 2008). During campaign implementation frequent updates on the social

Table 1 Critical success factors and guidelines for social media awareness campaigns

Factors Guidelines Purpose

Internet usage Identify the university policies for Internet usage

and access (Falahah and Rosmala 2012)

Higher education

institutions

User background Determine the background and social media usage

behaviour of users (Falahah and Rosmala 2012)

Goals and objectives Identify the goals and objectives for using social

media and closely match them to the goals and

objectives of the campaign (Roberts 2010; Thack-

eray et al. 2008; Walther 2010)

Communication

and marketing

Social media

selection

Select social media applications that best match the

campaign’s objectives and that allow students to

carry out work in ways that are common to them

(Roberts 2010; Thackeray et al. 2008)

Readiness and

change management

Evaluate students’ readiness and construct a change

management strategy (Roberts 2010)

Communication

Value metrics Identify metrics that will determine the value of

using social media for the campaign (Roberts 2010)

Duration of

programme

Identify the duration of the campaign (Thackeray

et al. 2008)

Marketing

Frequent informa-

tion updates

Provide frequent updates on the social media site

(Walther 2010)

Involvement of

users

Allow users to get involved and give a reason why

they should participate (Walther 2010)

Authenticity Conduct the campaign with honesty and authentic-

ity (Walther 2010)
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media site should be provided (Walther 2010). Allow users to get involved and give

a reason why they should participate. Conduct the campaign with honesty and

authenticity.

4 Research Objectives and Methodology

The Social Media for EnviroNmental Awareness (SMENA) conceptual model

(Fig. 1) was designed to facilitate the design and implementation of an environ-

mental awareness social media campaign. The main aim of the SMENAmodel is to

improve peoples’ awareness of environmental issues. The SMENA model lifecycle

is divided into three different phases, which are: the strategy development phase,

planning phase and the implementation phase. The model takes into consideration

the factors and guidelines for using social media campaigns (Table 1). A field

experiment approach was adopted for this study over a 4-week period (Saunders

et al. 2009). The participants of the study were undergraduate students studying

Information Systems or Computer Science degrees at a South African university.

In the strategy development phase the environmental goals and objectives were

identified and prioritised to two environmental categories per week (so eight in

total). A survey of participants was undertaken to determine the user background. In

the planning phase the preferences of students with regards to social media was

identified and Twitter and Facebook were identified as the most popular. In

addition, an environmental knowledge pre-test evaluation was also conducted

with the participants to determine their current level of environmental knowledge

before being exposed to environmental information. In the implementation phase

frequent information updates were provided as recommended by Walther (2010).

The administrator focused on two environmental categories per week and posted

information (Blogs and videos) related to these categories on the SMENA social

media throughout the week (Fig. 2). This was repeated each week and information

Strategy development phase

Planning phase

Implementa�on phase

Sustainability goals and objec�ves
Internet usage
User background

Social media selec�on
Readiness and change management
Value metrics (sustainability indicators)
Involvement of users
Dura�on of programme

Frequent informa�on updates
Communica�on regarding environmental
issues and effects of environmental issues

Authen�city

Fig. 1 Social Media for EnviroNmental Awareness (SMENA) conceptual model
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included effects of environmental issues related to each category and solutions that

can be implemented to prevent these environmental issues. The participants were

requested to provide their opinions by posting comments regarding the effects of

these environmental issues and to provide other solutions that can be implemented

to eradicate these environmental issues. The administrator also posted instructions

requesting the participants to post blogs and pictures about environmental concerns

of their surroundings. The participants were also requested to watch videos and read

blogs based on the environmental categories and to complete a quiz that was

directly based on the videos and blogs. These activities were conducted on all the

SMENA social media used for the experiment.

A post-experiment evaluation was conducted at the end of the 4-week period of

the experiment. The usability of the SMENA website and the extent to which the

SMENA social media were able to improve environmental knowledge of the

participants were also evaluated. The post-experiment survey questionnaire also

included opened ended questions, which were used to identify reasons participants

did not use the various SMENA social media. The qualitative content was analysed

by categorising the data into themes using content analysis (Saunders et al. 2009).

The themes were matched to significant data from the responses and the frequency

of the themes was counted. A post-test environmental knowledge questionnaire was

also distributed to the participants in order to determine if their environmental

knowledge had improved after being exposed to environmental information during

the environmental awareness campaign.

The face validity of the questionnaires was established since all the questions

were derived from literature (Coyle 2005; Xu et al. 2012). The content validity of

the questionnaires was established by means of a pilot study. A heuristic evaluation

of the SMENA website was conducted by several user interface (UI) experts using

Fig. 2 SMENA social media activities
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Nielsen’s heuristics (Nielson 1995). The recommendations provided by the experts

were used to improve the usability of the website.

5 Analysis of Results

5.1 Participant Profile

The participants were 72 undergraduate students studying towards a degree in

Computer Science and/or Information Systems, with the majority (67 %) registered

for a science degree (Table 2). The majority of participants were male (81 %) and

most them were between the age of 18 and 25 (97 %). Over half (53 %) of them

were English speaking.

5.2 Research Instruments

The research instruments used in the study were a pre-test questionnaire and a post-

test questionnaire which were used to evaluate (1) the reasons for not using the

SMENA social media (post-test); and (2) the environmental knowledge of the

participants (pre- and post-test). The SMENA social media consisted of the

SMENA website, the SMENA Facebook page and the SMENA Twitter page.

Several themes were extracted from the qualitative data collected from the ques-

tionnaires. The most frequent theme which was identified regarding the reasons for

not using the SMENA website is “It is time consuming” (f¼ 7) (Table 3). Other

frequent themes which were identified include “Not interested” (f¼ 2) and “Videos
took long to stream and download” (f¼ 2).

The most frequently identified theme related to reasons for not using the

SMENA Facebook page was “I do not use Facebook frequently” (f¼ 5) (Table 4).

The second most frequently identified themes was “Information not interesting”

Table 2 Participant profile

(n¼ 72)
n %

Gender

Male 58 81

Female 14 19

Total 72 100

Home language

English 38 53

Afrikaans 13 18

Xhosa 12 17

Other 9 12

Total 72 100
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(f¼ 2) and “It is time consuming” (f¼ 2). The most frequent theme that was

identified regarding the SMENA Twitter page is “I do not use Twitter” (f¼ 8).

The second most frequent theme is “I do not like Twitter” (f¼ 2).

Furthermore, some other negative comments made by participants were

recorded during the campaign. Some participants were negative towards the cam-

paign since it increased their workload but was not a direct part of their course

curriculum and did not contribute significantly to a mark for their course. Some

participants reported that the campaign “is a waste of time since participation will
not contribute towards our final class mark”. Another challenge identified was the

fact that social media is generally prohibited in the computer laboratories and this

also had a negative effect on the attitude of students. The pre- and post-

environmental knowledge questionnaire consisted of 16 Environmental Knowledge

Questions (EKQs) with 2 questions for each environmental category. For example

the questionnaire includes two questions which are focused on energy. The question

that scored the highest score (87 %) in the pre-test environmental knowledge

evaluation is EKQ14 which is in the renewable energy category (Fig. 3). Further-

more, EKQ3 which is in the water pollution category scored the lowest score (0 %).

The average percentage scored by the participants was 53.3 %.

In the post-test environmental knowledge evaluation EKQ14 had the highest

score (94.2 %) (Fig. 4). The score for EKQ3 improved from 0 to 29 %. The question

that scored the lowest score (8.7 %) in this evaluation is EKQ8 which is within the

fresh water category. Furthermore, the scores achieved by EKQ8 (8.7 %) and EKQ1

(78.3 %) remained the same in both evaluations. The scores of all other questions

increased from pre-to post evaluation therefore there was an improvement in the

overall average percentage score to 63.9 %. This implies that the participants

environmental knowledge improved by 10.6 %.

Table 3 Reasons for not using the SMENA website (n¼ 15)

Theme (SMENA website) f Examples of actual response

It is time consuming 7 I got caught up in other subjects and assignments

Not interested 2 I’m not interested to waste my little time bit of free time

on the website

Videos took long to stream and

download

2 One of the times I tried to view a video it did not work so

I left it

Table 4 Reasons for not using SMENA Facebook (n¼ 19)

Theme (SMENA Facebook) page f Sample response

Do not use Facebook frequently 5 I hardly use Facebook

Information not interesting 2 The articles posted could be more interesting

It is time consuming 2 Time constraints

Theme (SMENA Twitter) f Examples of actual response

I do not use Twitter 8 No Twitter account, not interested in twitter

I do not like Twitter 2 Don’t like or use twitter
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6 Conclusions and Future Work

Several key contributions are made by this paper for the social media research

community as well as for environmental education researchers. The SMENA was

successful in improving the environmental knowledge of students in higher educa-

tion institutions. Challenges were encountered relating to the slow Internet speed,

negative attitudes towards the study and time constraints of course demands. Future

researchers could implement and evaluate the SMENA at a university with more

senior students (postgraduate students). The fact that students mostly use social

media to acquire academic oriented information can be used as the basis to argue

that the application can be successful in achieving environmental goals if it is

included in the university curriculum and students are incentivised in some way to
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take part in these campaigns. Future research can also implement the model in a

different environment. For example they can implement the model in other orga-

nisations to determine if it can assist with improving the environmental knowledge

of employees.
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Sustainability Reporting by South African

Higher Education Institutions

André P. Calitz, Margaret D.M. Cullen, and Samuel Bosire

1 Introduction

Sustainability has gained importance internationally, as is indicated in United

Nations publications, such as the Global Compact and Principles of Responsible

Investment (IoD 2009). According to the Brundtland Report, published by the

United Nations World Commission on Environmental Development (WCED),

sustainable development is defined as “development that meets the needs of the

present without compromising the abilities of future generations to meet their own

needs” (WCED 1987). Organisations are increasingly being challenged by sustain-

able development issues and are required to account for the consequences of their

activities on the environment to society (Dimitrov and Davey 2011). Reporting is of

help to communicate the activities of organisations.

Organisational activities and achievements should be reported from a holistic

perspective and the Global Reporting Initiative (GRI)’s guidelines have been cited

as a best practice reporting framework (Fonseca et al. 2011; Smith and Scharicz

2011). The GRI presents performance indicators from the economic, environmen-

tal, financial and social responsibility perspective (Microsoft Dynamics 2010).

A Public Higher Education Institution is established to serve the common good

of society and therefore Higher Education Institutions (HEIs) should not only

educate society about the importance of sustainability but also demonstrate sus-

tainability practices in their operations. To this end, universities should lead by

example by putting into practice the sound principles of Sustainability Reporting.

The stakeholders in Higher Education have a legitimate claim on information about

the operations of universities—especially those funded from public coffers.
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HEIs should assume leadership in sustainability and at the same time act as

drivers of change towards a sustainable world as envisaged through declarations,

charters and partnerships for sustainable development (Lozano et al. 2011). In light

of the mandate of Higher Education, Stephens and Graham (2010) call on HEIs to

take a lead in the transition to a more sustainable society by adopting sustainability

practices—including reporting.

The process of developing sustainability reports is complicated by the

multidimensional nature of these reports. Information required by these reports is

often stored across multiple disparate systems and databases. A reporting tool that

can integrate this data to produce one integrated sustainability report can greatly

enhance the sustainability reporting process. This paper investigates the extent to

which HEIs in South Africa implement sustainability reporting in their institutions.

The layout of the paper is as follows: Sect. 2 states the research objectives and

methodology of this study. Section 3 highlights sustainability reporting and HEIs

sustainability reporting. The results of an investigation into the sustainability

reporting are presented in Sect. 4. Section 5 provides recommendations from the

results of the literature and survey and discusses the conclusions.

2 Research Objectives and Methodology

This study consisted of a thorough literature review that provided a better under-

standing of sustainability reporting in HEIs. A combination of deductive and

inductive approaches was followed because there is a growing body of literature

on sustainability reporting in general however limited research has been conducted

regarding the integrated sustainability reporting practices in Higher Education

Institutions in South Africa.

In this study, a self-administered paper based questionnaire was sent to individ-

uals responsible for the management of information at all South African universi-

ties. The Sustainability Reporting Practices in Higher Education in South Africa
(SRPHESA) survey was completed by Chief Information Officers, Directors of

Information Technology and managers responsible for management of information

at all South African public universities. The questionnaire was developed from

literature.

The questionnaire consisted of open-ended questions, as well as closed-ended

questions in which a 5-point Likert scale was applied. The results of the question-

naire were statistically analysed to measure the intended outcomes. Questions in the

survey were grouped into the following categories in concert with the themes of the

research questions and objectives:

1. Higher Education stakeholders and their information needs

2. Monitoring of strategic plans in Higher Education

3. Institutional plans and Sustainability Reporting in Higher Education
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4. Information culture in institutions and use of Business Intelligence (BI) tools and

techniques

5. Elements of Sustainability Reporting

3 Sustainability Reporting in HEIs

Organisations produce different types of reports for various purposes. From an

initial focus on environmental stewardship, steered by special interest groups,

Sustainability Reporting is now prominent on the global agenda. A survey on

sustainability indicates growth in Sustainability Reporting adoption (KPMG

2011). The survey’s findings indicated the following:

• 95 % of the 250 largest global companies report on sustainability

• The highest reporting rates are associated with European organisations although

North America and emerging markets continue to register phenomenal growth

• The rate of adoption of reporting varies across economic sectors

• Publicly traded companies outperform family-type organisations in embracing

Sustainability Reporting

The large number of corporate failures in the last decade has prompted questions

about the adequacy and relevance of traditional financial reports (Chen 2011;

Hazelton and Haigh 2010; IoD 2009). Organisations have traditionally relied on

financial reports to assess performance. However, today, stakeholders are increas-

ingly demanding information regarding the performance of organisations—from

various dimensions—in order to make informed assessments (Herzig and

Godemann 2010; IoD 2009). Organisational reporting has matured in response to

changing reporting requirements of stakeholders.

Factors such as the level of sophistication of an organisation’s information

systems, increasing demand for information by stakeholders and availability of

reporting standards play a role in promoting organisational reporting. In addition,

the role of professional bodies such as auditors, in attesting to the reliability of

reported information as well as the growing recognition of the importance of

holistic reporting by organisations, also contributes to emphasising Sustainability

Reporting.

Internationally, the Global Reporting Initiative (GRI) has emerged as a generic

global benchmark for reporting on sustainability (Dumay et al. 2010). In

South Africa, the King III Report on corporate governance has given impetus to

the adoption of Sustainability Reporting (IoD 2009).

According to Microsoft’s Environmental Sustainability White Paper (Microsoft

Dynamics 2010), pressure from regulatory bodies and the media, coupled with

more rigorous investment criteria that include sustainability, have contributed to

accelerating the need for Sustainability Reporting solutions. The Microsoft White

Paper (Microsoft Dynamics 2010) also alludes to the urge by organisations to
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enhance their reputation and public standing by adopting Sustainability Reporting

practices.

Petrini and Pozzebon (2009) state that principles, norms and certifications aimed

at directing corporate actions have emerged as a consequence of the evolution of

Corporate Social Responsibility (CSR). At the global level, the pressure to adopt

Sustainability Reporting has been given a boost by a number of generally accepted

indicators that are championed by certain organisations and special interest groups

(Tenuta 2010).

3.1 Corporate Governance and Sustainability Reporting

Corporate governance is anchored on the principle that there is a positive relation-

ship between good governance and compliance with the Law. In South Africa, for

example, under the Promotion of Access to Information Act (PAIA), stakeholders

have certain rights to company information (RSA 2000). In addition, without the

intention to stifle innovation, the King III Report, the standard for corporate

governance in South Africa, has adopted an ‘apply or explain’ and not ‘comply or

else’ approach with regard to disclosure of information (IoD 2009). It stands to

reason that the level of reporting detail may vary from one organisation to the next

and that sensitive and privileged information should be safeguarded to minimise

risks. The disclosed information should be accessible to its intended audience.

Coope (2004) states that corporate reporting material is not easily accessible in

some organisations. In fact, some of the organisations that provide reports do so

mainly for compliance purposes and the material is not accessible online. The

perennial challenge of limited resources has been cited as a major contributing

factor for the lack of dynamic online corporate reports. However, the Sustainability

Reporting landscape is fast changing in some countries. For example, in the UK and

the USA, the publishing of information on social, ethical and environmental risk

management is now mandatory (IoD 2009).

In South Africa, companies listed on the Johannesburg Stock Exchange (JSE)

are finding disclosure of non-financial information a key to retaining healthy share

values (Coope 2004). The traditional report that focused mainly on financial data is

proving to be inadequate as information on all aspects of an organisation’s life

needs to be disclosed comprehensively (Herzig and Godemann 2010; Lozano

2011). However, Eccles (2004) cautions that merely ‘ticking governance boxes’
will not improve corporate governance. The reporting needs of all stakeholders

should be kept in mind in designing organisational reports. A narrow focus on

financial aspects for reporting has proven to be inadequate for governance purposes.

Increased accountability and transparency demand more than financial reports from

organisations. The reporting gaps account for the upsurge in global demand for

comprehensive reports on sustainability.

Insenmann et al. (2007), however, warn that Sustainability Reporting has to deal

with limitations such as its voluntary status, definition languages, complexity and
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the emergence of competing frameworks, guidelines and indices. A need exists for

organisations across all sectors, including Higher Education, to produce sustain-

ability reports that cover all aspects that are key to their continued existence. This

goes a long way in supporting risk identification and management.

The management of risk has also contributed to the growing importance of

Sustainability Reporting. Merkel and Litten (2007) state that since sustainability

is about balance and risk reduction, HEIs are encouraged to report using financial

data (income and expenditure), educational data (degrees granted and research)

social data (enrolments) and economic data (impacts). Unfortunately, the focus on

environmental data, is lacking and this scenario explains why there could be a

growing agitation to include environmental disclosers in sustainability reports.

According to Chen and Wongsurawat (2011), holistic organisational reporting

can be aided by best practices in Sustainability Reporting such as the GRI G4

template espoused by the Global Reporting Initiative (GRI).

3.2 Integrated Reporting

The King III Report underscores the importance of Sustainability Reporting and

observes that sustainability should transcend reporting on sustainability and focus

on integrated performance. This requires the Board to ensure that the organisation

achieves short- and long-term integrated performance goals (IoD 2009).

Integrated reporting, a subset of Sustainability Reporting, encompasses a

company’s finances and its sustainability and may take the form of one or more

reports—all presented at the same time. The integrated report should contextualise

the financial report and touch on the achievements and failures in meeting strategic

objectives. The report places the responsibility of overseeing integrated reporting

on the Audit Committee which should assist the Board with disclosure on sustain-

ability and at times provide assurance on the integrity of the information required

(IoD 2009).

Eccles and Armbrester (2011) define integrated reporting as a “holistic and

integrated representation of an organisation’s performance from a financial and

sustainability perspective”. Integrated reporting, they add, seeks to give answers to

questions such as energy consumption, cost of production, corporate governance

and reputational risk, stakeholder satisfaction, service and link to shared values.

Eccles and Armbrester (2011) further advise that the International Integrated

Reporting Committee (IIRC) was formed in August 2010 with a mandate to

develop a globally acceptable framework for accounting for sustainability and

that in the same year, 160 companies produced integrated reports using the GRI’s
G3 guidelines.

In a survey of South African organisations, Sonnenberg and Hamman (2006)

show that a limited number of South African companies report according to GRI

guidelines although a majority of those surveyed stated their commitment to

complying with expectations of the King III Report on corporate governance.
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In addition, Sonnenberg and Hamman (2006) further state that South African

companies tend to report on sustainability in an aspirational, anecdotal and episodic

manner as a result of the lack of regulatory enforcement. This trend implies that

many organisations have not fully embraced integrated reporting as a result of

various factors such as lack of awareness of the benefits associated with integrated

reporting, lack of capacity to report or gaps in the financial systems that generate

reporting data.

In an attempt to understand the reasons for limited integrated reporting by

organisations, Aras and Crowther (2008) attribute fear of losing competitive advan-

tage to the often cited resistance to full disclosure by companies. Coope (2004)

blames limited resources for the lack of dynamic corporate responsibility reporting.

Smaller companies are mainly affected. Pennington and Moore (2010) take a

broader view and attribute a slow start to factors such as the voluntary nature of

Sustainability Reporting, lack of comparability of data across sectors, generalisa-

tion of skewed reports, lack of prioritisation of integrated reporting and absence of

generally accepted accounting and auditing standards.

Tenuta (2010) avers that the sustainability report is the most operative tool for

organisations to communicate with stakeholders. A lack of standards and generally

accepted reporting metrics undermine communication. This point is supported by

Van den Brink and Van der Woerd (2004) who state that in order to benchmark

sustainability performance, there is need for industry-specific benchmarks and

formats. The use of prescribed standards and formats will lend more credibility to

Sustainability Reporting and allay fears expressed by Lackmann et al. (2012) that

most of the sustainability reports are often in qualitative format and therefore of

limited use for purposes of financial decision making.

The choice of a reporting approach depends on a number of factors such as

availability of data, reporting capacity of an organisation, existing reporting tradi-

tions, regulatory requirements and the information needs of the various stake-

holders. A Sustainability Report of a Higher Education Institution should, at the

very least, cover the economic, social, environmental and educational aspects

(Lozano 2006). In order to achieve an integrated sustainability report,

organisational data from multiple sources should be collected, processed, analysed

and presented in line with the information requirements of stakeholders. Business

Intelligence (BI), is a set of tools and technologies that can provide organisations

with the capability to produce sustainability reports.

BI refers to the tools an organisation uses to gain a better understanding of

operations, markets and competition (Bhatnagar 2009). BI can be viewed as “. . .a
broad category of applications, technologies and processes for gathering, storing,

accessing and analysing data to help business users make better decisions” (Watson

2009). BI provides a basis upon which informed decisions can be made in

organisations.
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4 Research Findings

As part of the survey that was administered, respondents were required to indicate

the aspects that their university reports cover. As evident from Fig. 1, most

institutions still focus on the economic aspect of reporting.

The results show that environmental reporting is least done at universities. The

respondents in the SRPHESA survey indicated that economic (financial 95 %),

environmental data (58 %) and 74 % on Social respectively are reported on. This

suggests that information from Faculties and Departments on environmental

aspects of reporting does not find its way to institutional reports or that it is not

mandatory to report on the environmental dimension.

In response to a question on whether specific areas are reported on, the respondents

show a lower rate of reporting on Corporate Social Responsibility (CSR) and Envi-

ronmental Reporting as opposed to reporting on aspects such as financial reporting.

Figure 2 shows that almost 50% of the 23 surveyed (SRPHESA) South African Higher

Education Institutions do not report on aspects such as compliance with legislation,

impact on the environment and corporate social responsibility or engagement activities.

The main focus of reporting in HEIs is financial reporting as indicated in Figs. 1

and 2. Regulatory requirements and the many tools are available to assist organi-

sations with financial reporting are two possible reasons why these reports take
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precedence in HEIs. While many institutions surveyed indicated a willingness to

produce sustainability reports that report on multiple dimensions of operations, the

complicated nature of these integrated reports and the lack of tools to support these

reports have hindered progress. One such tool or set of tools that can support

sustainability reporting in HEIs is BI.

The questionnaire used in the survey contained questions relating to Business

Intelligence in Higher Education. Business Intelligence (BI) tools and techniques

can enable sustainability reporting. According to Isik et al. (2013), the success of

any BI initiative can be measured by assessing aspects such as data quality, user

access, flexibility, integration with other systems and the nature of the decision

environment. One of the Key features of BI is report generation. Respondents were

required to rate their experience with BI generated reports. The results of the survey

relevant to South African HEIs are shown in Table 1.

The low maturity of BI in South African Higher Education is confirmed in the

SRPHESA questionnaire with the mean score of 2.82 on the aspect of encouraging

and empowering users to access BI reports. The results show that the information

turnaround in HEIs is generally slow. Ad hoc reports seem to be most prevalent

although one has to be cautious and note that most respondents chose to be neutral.

The practice differs sharply across universities.

Table 1 Experience with reports generated through BI

Experience with BI

SRPHESA

(n¼ 21)

Mean SD

Formats of the reports are pre-determined 2.82 1.29

The frequency of development and distribution of the reports is pre-determined 3.06 0.97

The reports are generated on an ad-hoc basis depending on request 3.47 1.01

BI reports are made available to all relevant users 3.47 0.80

BI reports are availed only to information requesters 3.73 0.70

Users are encouraged and empowered to access BI reports 2.82 1.13

Table 2 Challenges with BI in South African higher education institutions

Challenge

SRPHESA (n¼ 21)

Mean SD

Unavailability of data 3.62 1.07

Non-existence of data 3.14 1.31

Incompleteness of information 3.62 0.97

Lack of clear information management strategy 3.81 1.08

Lack of integration in reporting systems 3.52 0.93

Limitations with data analytical capability 3.24 0.70

Perceived lack of action on the information provided 3.67 0.97

Staleness of information and unsuitability for decision making 3.10 0.89

Poor information presentation 3.30 0.86

120 A.P. Calitz et al.



The low maturity of BI in South African Higher Education could be due to the

number of challenges identified by the respondents of the surveys. The challenges

of BI in South African HEIs are shown in Table 2.

5 Recommendations and Conclusions

Organisations need information to monitor their performances against set targets.

One way of achieving this is through reporting on all facets of an organisation’s
operations as usually outlined in the strategic plan. Sustainability Reports cover

economic, environmental and social aspects of an organisation’s existence and

therefore provide a platform for tracking performance against its set objectives.

Notwithstanding the current reporting practices, HEIs in South Africa need to adopt

Sustainability Reporting in line with best practice in governance. Heeks (2006)

proposes that public data should be complete, accurate, relevant, timely and

appropriate for presentation (CARTA). It takes a carefully planned and iterative

process for organisational data to be CARTA. It is envisaged that the introduction

and institutionalisation of Sustainability Reporting in HEIs in South Africa will

contribute towards achieving CARTA status.

Organisational performance should be reported from a holistic perspective.

Stakeholders, including regulatory bodies and the media, are increasingly demand-

ing that organisations disclose information about operations from multiple dimen-

sions as standalone financial reports are no longer seen as an adequate.

Organisational reporting has matured in response to the changing requirements of

stakeholders. Reporting in South African HEIs is still very narrow in scope with the

main focus being on the financial aspect, as legislation requires public HEIs to

disclose financial reports. The voluntary nature of reporting on social and environ-

mental aspects has led to minimal reporting and disclosure of this information. The

change in the South African Department of Higher Education (DHET) require-

ments however, requires South African Public HEIs to produce and disclose

sustainability reports covering the entire sustainability spectrum from 2015.

In order to produce these integrated sustainability reports, a reporting tool that

can integrate data from multiple sources to produce one integrated report will be

required. One such tool, or suite of tools, with the required capabilities is BI. BI also

provides capabilities to publically disclose sustainability reports to the relevant

stakeholders through internet technologies. The use of BI in South African HEIs is

still at a low maturity. Disparate reporting systems are currently used in many HEIs,

and this presents a challenge in the sustainability reporting process as the final

outcome should be one single integrated report. Institutions need to invest in BI

technologies that can assist the sustainability reporting process to ensure stake-

holder satisfaction and regulatory compliance.
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A Living Lab for Optimising the Health,

Socio-economic and Environmental Situation

in El Salvador

Melanie Platz, Marlien Herselman, and J€org Rapp

1 Introduction

One identified critical health problem in El Salvador is chronic renal failure.

Nationally, chronic kidney disease is currently the leading cause of hospital mor-

tality in men with a lethality of 11.0 % (MINSAL 2014). Studies in adult population

of the Salvadoran farming communities show that the majority of cases with CKD

were heavily influenced by factors such as male gender, older age, agricultural

occupation, hypertension, family history of hypertension and contact with some

pesticides (Orantes et al. 2014).

In order to address this health problem, the project LLinES (2014) proposed to

establish a LL in El Salvador to carry out research on low-cost techniques to mitigate

exposure to pesticides and other chemicals in the environment, to improve the

production processes and to improve the care of kidney patients in rural areas. The

project LLinES has the aim to reduce the risk to human health, to local farmers and

community members, caused by the exposure to pesticides, through a One Health

approach. TheOneHealth approach recognises, that the health of humans, animals and

ecosystems are interconnected. Consequently, if risks that originate at the animal-

human-ecosystems interface shall be addressed, a coordinated, collaborative,multidis-

ciplinary and cross-sectoral approach is needed (One Health Global Network 2015).

The project LLinES also has the objective to find agricultural productive alter-

natives without agrochemical inputs or with a rational use of them. By doing so,
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human health and the socio-economic situation are supposed to be optimised, as

well as the environmental situation.

The developed risk mitigation strategies and decision support concerning the

agricultural production processes shall be provided to the community using Infor-

mation and Communication Technology (ICT). By analysing the ICT-situation in

El Salvador, commonly used information channels shall be identified that enable

the distribution of information. If necessary, low cost ICT-technologies to enlarge

the ICT-network in El Salvador will be developed, for being able to reach a

potentially large target group.

LLinES is mainly focused on mitigating occupational factors and environmental

risk for chronic kidney disease (CKD) affecting Salvadoran farmers in endemic and

epidemic proportions. The research will be conducted with the involvement of local

experts in agriculture, health and environment, as well as the affected population.

The purpose of this paper is to provide anoverviewof the elements that are essential

when establishing a LL and to what extend the establishment of a LL in El Salvador

adhered to these elements in order to assist the communities to feel empowered and to

address some important social, health and environmental issues in that country. In this

context, African LLs are investigated, because the initial situations in Africa and El

Salvador are similar relating to the socio-economic and ICT-situation, among others. El

Salvador has, aswell as Africa particular challenges in relation to rural socio-economic

development and sustainable quality of life, due to the current state of available

infrastructure, educational and employment opportunities. Consequently, the

LL-methods developed in and for Africa might be transferable to LLs in El Salvador.

Therefore, in this paper, core values of LLs will be listed and the purpose of LLs

will be explained. Stakeholders of LLs will be addressed and lessons learnt from the

LLiSA network will be identified. Afterward, the research methodology will be

pictured and a case study will be presented.

2 Core Values of Living Labs

LLs, as a new approach to innovation and ICT development, emerged during the

1990s. It encompasses the idea of creating an environment (e.g. an open innovation

environment, also referred to as an ecosystemor platform) that offer users (i.e. different

stakeholders such as public-private-partnerships) the opportunity to take part actively

in the co-creation of innovation and,more specifically, the development of ICT-related

products and services (e.g. idea generation, development, implementation and evalu-

ation) (EnoLL 2014; Følstad 2008; Geerts 2011). A LL can thus be both a milieu

(environment, arena) and an approach (methodology, innovation approach).

LLs focus on open innovation, which is a vital element of the knowledge-based

economy. This term is coined by Chesbrough (2003) to characterise the fundamen-

tal shift from open towards external innovation. Open innovation calls for collab-

orative organising principles for managing research and innovation. The LL is a

way of implementing the open innovation approach (Fahy et al. 2007; Garcia
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Guzman et al. 2007; Mulder et al. 2007). From an African perspective the LL can be

defined as

environments, a methodology or an approach which caters for user-driven open innovation

within real-life rural and urban settings/communities, where users can collaborate with

multiple committed stakeholders (whether NGOs, SMMEs, industrial, academic/research,

government institutions or funders) in one or more locations, to become co-creators or

co-designers of innovative ideas, processes or products within multidisciplinary environ-

ments. Successful deployments can result in improved processes or service delivery, new

business models, products or services, and can be replicated (with necessary socio-cultural

adaption) to improve overall quality of life and wider socioeconomic impact (including

entrepreneurship) in participating and other communities (Cunningham et al. 2011).

This definition can also be applied to any other developing country or context

where rural communities are involved. In order to grow LLs in countries which are

regarded as developing (like Africa and El Salvador), it is important to ensure wide

adoption of this definition and to ensure the involvement from rural communities to

strengthen co-creation of innovation and to allow communities to get the direct

benefits from all stakeholders involved.

LL environments or platforms have been created for a variety of ICT-related

topics from e-commerce to healthcare, transport, tourism development, energy

production, agriculture and governance (Smit et al. 2011) as well as specific ICT

and IT focus areas like mobile ICT, computing and cognitive systems engineering

(Lievens et al. 2006; MacEachren et al. 2006). The importance of LLs in emerging

economies has also been indicated in a paper by Smit et al. (2011). Thus in

emerging economies contexts, the focus seems to be on the application of

ICT-related products and services as catalysts for capacity building and community

development or empowerment (Herselman 2011). El Salvador is also regarded as

an emerging economy and therefore this is also applicable to them. The core values

of a LL can thus be summarised as a milieu and/or an approach that is (Cunningham

et al. 2012):

• Driven by: Users

• Involving: Real-life communities and multiple stakeholders

• Focused on: Collaboration and co-creation

• Aimed at: Multi-disciplinary open innovation

• Resulting in: Improved or new products/processes, replicable and sustainable

• Impacting on: The socio-economic environment (capacity building, develop-

ment, empowerment)

Many of the core values are based in or linked to the users and other stake-

holders. The next section expands on stakeholder considerations in the LL

environment.
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3 Purpose of Living Labs

The importance of LLs as catalysts of innovation is voiced in South Africa and in

African countries as developing entities. This has been indicated in the Second

Action Plan (2011–2013) of the 8th Africa–EU Strategic Partnership (Science,

Information Society, Space). LLs are viewed as a priority area for collaboration

between public sector, private sector and research communities in Africa, Europe.

And other developing countries like El Salvador. LLs can support science and

technology innovation and ICT capacity-building initiatives for mass diffusion of

ICTs and related services, as key enablers for poverty reduction, economic growth,

social development, optimisation of the health situation and regional integration

(Santoro and Conte 2009). The purpose of a LL is therefore threefold:

• Innovation catalyst

• A collaborative environment

• Capacity building

Supporting the establishment and evolution of LLs is seen as a critical tool to

enhance ICT research cooperation, local innovation, entrepreneurship and wider

socio-economic and community development. LLs are typically established to

understand what can ultimately be described as human behavioural responses to

ICT. This fits the purpose of the use of LLs in the El Salvador context as LLs are

seen as places where inputs from users can be collected and to investigate the

context in which ICT is used (i.e. context research), to discover new uses and

service opportunities for ICT, to involve users as co-creators and to evaluate new

ICT solutions with users in an everyday (user) context (Følstad 2008).

4 Stakeholders of Living Labs

LLs as ‘functional places’ involve stakeholders from a public private partnership

(or the like) of collaborating universities, research institutes, public entities, com-

panies and individuals. The LL approach can assist policy makers to understand

what works in practice and what kind of policy environment is needed to sustain the

various technology solutions (Santoro and Conte 2009).

Two key dimensions of critical importance, are community engagement—par-

ticularly with those traditionally disadvantaged (e.g. women and youth, those living

in rural communities), and a greater focus on intangible outcomes (including

knowledge and idea creation) within the innovation concept and process.

For the Living Labs in Southern Africa network (LLiSA 2014), a successful LL

requires a strategic, mutually beneficial partnership between a minimum of two key

stakeholders (e.g. government, industry/business, research/academia, community)

with complementary expertise and experience, a common vested interest in the

outcomes of enabling users (community) to actively participate in the research,
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development and innovation process, and at least one stakeholder ensuring the

necessary methodological rigor is applied so that results are valid. It is in the social

context that one can find various groups interacting with one another and with

objects, within a given context (Cunningham et al. 2012).

Challenges which are experienced thus far within rural communities with dif-

ferent stakeholders are to balance the power struggles amongst political structures

like rural chiefs or political leaders as well as feelings of entitlement of funders who

believe that their rights and needs have to be addressed first as they provide the

funding. The top-down and bottom-up support of all parties or stakeholders within

the LL is necessary to establish a LL committee to represent all stakeholders and to

have the power to make decisions on behalf of the whole community.

Stakeholder considerations for a LL can be summarised as:

• Types: Communities, researchers, public entities, private companies, individ-

uals, communities of practice, other LLs

• Networking: Sharing knowledge, buy-in, co-creators

• Knowledge: Diverse, complementary, including methodological rigour

• Support: Top-down and bottom-up

• Purpose: Common vested interest

These discussions on the purpose, core values and stakeholders in a LL indicate

that the establishment of a LL can be a challenging exercise. The following

discussion therefore focuses on lessons learnt and resulting key success factors

for the establishment of a LL.

5 Lessons Learnt from LLiSA Network: 2009–2014

LLiSA, which is similar to EnoLL (European network of Living Labs) is a network

of LLs which purpose is to create capacity for understanding, establishing and

developing LL activities, support pilot projects in Southern Africa and to facilitate

local and international collaboration and linkages. It links interested developers,

research organisations, industry and government bodies together for advancing

regional LL initiatives (Herselman et al. 2009). A key aspect of the LLiSA network

is to ensure constant collaboration across LLs as well as a sharing of lessons learnt,

contacts with industry partners and recognition (Cunningham et al. 2012;

Herselman et al. 2010; LLiSA 2014).

Most of the existing LLs in the LLiSA network have evidence to provide on how

they, each with their own uniqueness, are busy with capacity building of commu-

nities and with the enhancement of innovation skills with the communities they

work with. Most of these LLs are operational in the rural communities scattered

throughout South Africa in most of the provinces.

Over a period of 6 years since the establishment of LLiSA a few valuable lessons

were learnt, which need consideration when establishing a new LL (Cunningham

et al. 2012).
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1. The first key success factor is to establish a commonly owned vision for the

primary goals and objectives through the engagement and a co-creation process

with all key stakeholders. While these may vary from country to country and

region to region, based on national and regional priorities, educational opportu-

nities, available human and infrastructural resources, urban-suburban-rural

divide, transportation and distance challenges and level of socio-economic

development, it is also quite likely there will be common goals and objectives.

2. A second key success factor is the need for strong, focused leadership, with a

clear vision for what the LL aims to achieve, and the support and trust of its

members. It is also important that such leadership consists of a group of people

with complementary skills, expertise, contacts, credibility and fund raising

capacity required to help ensure the LL has the opportunity to achieve its

organisational goals. While it might seem obvious that such a leadership group

should be representative of its Network members (and this is certainly important

to ensure trust and transparency), what might be less obvious (especially as the

Network evolves) is that not all the necessary skills, expertise and contacts may

be available within the Network itself.

3. A third key factor why LLs within the LLiSA network flourish is that they are

self-sustainable from inception and do not depend on LLiSA for financial

support. Most of the LLs come into existence based on community engagement

evidence needed by universities to show impact or from industry for social

responsibilities supported or contributed towards. The multi-disciplinary nature

of a LL where groups address a centralised problem from different perspectives,

but with the same goal works best in testing products and services or for doing

research. Industry also finds this as a valuable platform where trust has already

been established, as they can test or pilot their proof of concepts with valuable

feedback to improve their products and services.

4. A fourth success factor is a strong sense of community-own challenges and the

ability to be responsive to the needs of members, their communities and other

stakeholders who either fund LLs or LL Networks or use their services. This

should evolve into community development and skills development of both its

members and their communities, which is critical in a developing country

context. This may support cooperation with a local, provincial or national

educational institution, government institution, incubator or funding agency

with similar or complementary goals.

5. A fifth success factor is that while services can certainly be delivered remotely

and virtually (e.g. fast adoption of mobile services, remote training, eHealth,

eGovernment services), regular face-to-face interactions are important to

ensure:

– Better understanding and management of member expectations

– Development of trust relationships

– The overcoming cultural differences; training as necessary

– Discussion, exploration and development of reward systems that incentivise

community loyalty
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– Collaboration opportunities that sometimes can only occur during the “empty

spaces” of a meeting or event

– The regular face-to-face meetings (including annual workshops) facilitated

through LLiSA have been identified by members as a key factor that has

facilitated progress made to date

6. A sixth key success factor identified from LLiSA’s experience, is the potential
benefit of hosting or co-locating the LL network with an existing organisation

with strong systems in place for procurement and payments (essential for

operations), and auditing and reporting (which are essential to support third

party funding, whether from donor government, national or provincial govern-

ment, other stakeholders or foundations). Such an organisation should ideally

provide access to complementary resources and skill sets useful to the Network

and its Members. This hosting organisation could be a thematically relevant

government ministry or agency, provincial or national research organisation or

Incubator. While selecting such a partner organisation, it is essential their board

and senior management are committed to the relationship, there is clear com-

plementarity of purpose (whether reinforcing policy or targeting a common

constituency) and mutual benefit.

7. The seventh key success factor addresses the primary types of support for a LL

to be sustainable. These are funding; capacity building; education/training;

knowledge sharing; monitoring and evaluation; content creation; and content

licensing.

LLs based Collaborative Open Innovation activities are aligned with key

national and sectorial priorities and policies, as this is critical to achieve impact

and access public sector financial support. This is why securing Policy Partners as

part of the business planning and implementation phase is important. The next

section describes an application of these discussions in the establishment of a new

LL in El Salvador.

6 Research Methodology

The underlying problem investigated in this research touched on the challenges of

establishing a LL that can promote sustainable innovation. The question identified

is:

How is the development of a LL in El Salvador complying with the success factors found in

establishment of LLs in South Africa?

This study applied interpretivism as its philosophy and theoretical underpinning.

Klein and Myers (1999), define interpretive research as based on knowledge

obtained through “social constructivism such as language, consciousness, shared

meanings, document tools and other artifacts”. The researcher is seen as investi-

gating the phenomenon based on the perceptions of participant’s history or

A Living Lab for Optimising the Health, Socio-economic and Environmental. . . 131



experience that the participants have encountered. Walsham (2006) states that the

philosophical base of interpretive research is phenomenology and hermeneutics.

This is because interpretive research seeks to investigate meanings of words or texts

as they are expressed within definite social contexts by various participants

according to individuals’ previous experiences (Carr and Kemmis 1986). It is in

the social context that one can find various groups interacting with one another and

with objects within a given context. Therefore interpretive researchers underpin the

perceptions of the social actor in order to make sense of the activities that exist

within the defined contexts (Hesse-Biber and Leavy 2010).

The Open Community Approach (Niehaus 2013) will be applied on the LL, so

that the scientific results of the co-creation, exploration, experimentation and

evaluation of innovative socio-economic improvements can be applied in other

scenarios or territorial contexts by modifying and adapting the results. If the

concepts and related technological artifacts remain free and open for other real

life use cases, the spreading of successful ideas is more likely. A qualitative

approach with a case study strategy is followed, as this allows for an in depth and

rich description of a situation (Creswell 2007).

The case study of the design and inception of a LL in El Salvador is described

next, to indicate how this LL complies with the elements of a LL and how it will

function within the Community to support innovation in addressing environmental

and health related issues.

7 Case Study

The success of the LL-concept in Southern Africa gave rise to the establishment of a

LL in El Salvador that can act as a hub to foster collaborative, innovative and

sustainable research in solving environmental, health and social issues. The LL

research approach supports collaborative, open, user-centric and multi-disciplinary

research to promote innovative and sustainable solutions for a community’s chal-
lenges and is therefore an ideal research approach for this unit. The LL provides a

formal inter-disciplinary collaborative research space; and access to and

formalising of partnerships where community members, government, universities

and NGOs as well as external participants can research and seek solutions in the

challenging El Salvador environment.
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7.1 The Vision of the El Salvador LL Corresponds
to the Threefold Purpose of a Living Lab

• Innovation catalyst: The leading hub for research into innovative solutions for

the challenges in the El Salvador environment, recognised for its quality,

relevance and impact.

• Collaborative environment: An open, user-centric, multidisciplinary research

environment, driven by user-communities and their real life experiments, fos-

tering innovation and sustainability in environmental, health and social inter-

ventions in El Salvador.

• Capacity building: Developing people, creating knowledge and making a

difference in the context, environment and social needs of El Salvador locally.

• The core values of the El Salvador LL can be summarised as a milieu and an

approach to assist with creating risk awareness for risk mitigation to optimise the

socio-economic and health situation in El Salvador.

• Driven by: The community Ciudad Romero in El Salvador.

• Involving: The prime community consists of researchers at the National Uni-

versity of El Salvador and the University of Koblenz-Landau (Germany), in

collaboration with other educators and researchers (teachers, lecturers, industry

trainers, pre-service students, post-graduate students and experts in agriculture,

health and environment). Other stakeholders are described below.

• Focused on: Collaboration and co-creation of innovative solutions for common

health and environmental needs and challenges.

• Aimed at: Multi-disciplinary open innovation of low-cost techniques to mitigate

exposure to pesticides and other chemicals in the environment, to improve in

production processes and to optimise the environmental situation and to improve

the care of kidney patients in rural areas, incorporating, but not solely focused

on ICT.

• Resulting in: Improved or new products/processes, replicable and sustainable

within each sub-LL focus area.

• Impacting on: The socio-economic environment through solutions development

and implementation, training modules and workshops.

In the context of the Action Team 6 Follow Up Initiative (AT6FUI 2013), which has

the aim to improve public health by the application of space technology, the LL

concept is based on a systematic user co-creation approach with farm workers

(campesinos) in El Salvador. As an example, the LL research could incorporate the

following innovation processes:

• Technology: leverage risk mitigation options by using existing technology for a

different field of application (e.g. apply a smartphone-app for low cost precision

farming, to create an economic and environmental benefit by reduction of the

amount of used pesticides and a health benefit by less exposure to

agrochemicals).
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• Capacity Building: create a risk awareness programmes with model experi-

ments for schools. This concept regards children in schools as multipliers of

innovation processes.

• Ecotoxicology: determine the risk of agrochemicals for the rural population that

is suffering from chronic kidney disease and for the environment.

• OpenSource & Open Content: existing open source software or open content

material for public health risk mitigation can be applied and/or modified in the

territorial context (e.g. city, agglomeration, region).

• Last Mile: the farm workers might not have direct access to mobile devices, so

the user driven innovation in the LL has to consider the last mile between people

that have access to ICT and the risk exposed people in rural communities.

The Open Community Approach (AT6FUI 2013) will be applied on the LL, so

that the scientific results of the co-creation, exploration and evaluation of innova-

tive socio-economic improvements can be applied in other scenarios or territorial

contexts by modifying and adapting the results. If the concepts and related techno-

logical artifacts remain free and open for other real life use cases, the spreading of

successful ideas is more likely. The use cases involve user communities, not only as

observed subjects of the LL research, but also as a driver for a sustainable devel-

opment of creation. For example, farm workers that are exposed to agrochemicals

know which problem solving strategies are applicable under the rural working

conditions. A useful mask and protective clothes might be unusable under tropical

working conditions. Furthermore a proposed solution without consideration of local

knowledge could be counterproductive for the objective of risk mitigation,

e.g. when the protection increases the dehydration of the body due to heat stress

of the body. Therefore, usable solutions have to be developed.

7.2 Stakeholder Considerations for This LL are Described
as Follows

• Types: The Ciudad Romero community, researchers at the National University

of El Salvador (academic staff and post-graduate students), other research

entities, such as the University of Koblenz-Landau, the Government Depart-

ments like the National Institute of Health, Ministry of Health of El Salvador

(INS-MINSAL).

• Networking: Stakeholders communication and networking are at the core of the

LL. This is strengthened by a virtual network, database of members and activ-

ities, and organised opportunities for sharing knowledge, buy-in, co-creating.

• Knowledge: The nature of the LL is such that it promotes inter-disciplinary

collaboration. Each stakeholder’s knowledge, expertise and experiences are

unique and diverse, but complementary. As the primary community consists of

researchers, this knowledge also includes methodological rigour.
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• Support: The LL was created for the community by the community. Each

member brings his own network and expertise. Support is therefor also a

network in nature. The institution also provides support on various levels for

researchers.

• Purpose: The activities of all stakeholders within the centre focus on innovative

and sustainable contributions in teaching interventions in order to address the

educational challenges in the El Salvador context.

7.3 Key Success Factors as Illustrated in the LL

The last discussion in this section focuses on the key success factors identified by

LLiSA, as applied to the sub-LL focus group. The success factors were identified

as:

1. Commonly owned vision: Primary goals, institutional memory

2. Strong leadership: Focused, complementary skills

3. Self-sustainable

4. Sense of challenges: community own, nimble and responsive, development

5. Face-to-face meetings

6. Hosted by strong existing organisations

7. Support factors: funding; capacity building; education/training; knowledge shar-

ing; monitoring and evaluation; content creation; and content licensing.

Transferred to the El Salvador context:

1. The commonly owned vision is to create risk awareness for risk mitigation to

optimise the socio-economic situation, the health situation and the environmen-

tal situation in El Salvador.

2. Strong leadership is ensured by stakeholders like the University of El Salvador,

the National Institute of Health of El Salvador and the University of Koblenz-

Landau.

3. For the self-sustainability of the LL in El Salvador, sustainable funding has to be

acquired for the phase after the launch of the LL. Until the launch of the LL, the

project LLinES is funded by the German Federal Ministry of Education and

Research.

4. Sense of challenges are community own, as the major community problem of

renal failure is supposed to be approached.

5. Face-to-face meetings are enabled in the framework of the LLinES-project.

6. The LL in El Salvador is hosted by strong existing organisations like the

University of El Salvador and the National Institute of Health of El Salvador.

7. Support factors: funding should be acquired for the phase after the launch of the

LL in El Salvador; capacity building and education/training will be done in the

context of creating risk awareness and for improving the production processes

A Living Lab for Optimising the Health, Socio-economic and Environmental. . . 135



and to improve the care of kidney patients in rural areas and low cost techniques

will be developed; in this context, knowledge sharing is crucial.

7.4 Challenges During Development and Inception of the LL

The biggest challenge during the development phase of the LL was to explain the

concept of a LL (among others because of the language barrier) and to convince the

stakeholders and community members of the concept, as many interventions that

failed have already been tried to implement. As soon as the stakeholders and

community members understood the concept of a LL, they were very excited and

optimistic and stated, that such an approach has never been tried before in their

community.

There seemed to be a communication barrier between the local institutions in El

Salvador that could be—at least a bit—removed by the meetings initiated by the

LLinES project.

It is clear, from the view of this LL, that adhering to the purpose, core values,

stakeholder considerations and key success factors as identified by LLiSA were

advantageous for the development and inception of the El Salvador LL.

8 Conclusion

Given the considerable contribution provided by LLs to catalysing the Innovation

ecosystem, supporting pre-incubation and coaching support for students and emerg-

ing enterprises, it is recommended that some public support is available for a grant

that can be applied on a competitive basis to support ongoing activities of Innova-

tion Spaces. Funders also have the opportunity to support functions and service

development of innovation spaces by influencing new innovative mechanisms to be

developed or supported. A core part of the value proposition of a LL, is for

Innovation Stakeholders and Network Members to share success stories and lessons

learnt, problems encountered and how these were addressed are captured, analysed,

generalised and shared. This has immense value to all stakeholders to prevent old

mistakes and to innovate even more.

Therefore, in the present paper, the elements of LLs, and how these play a role in

the establishment of a LL in El Salvador to assist with creating risk awareness for

risk mitigation to optimise the socio-economic, the health situation and the envi-

ronmental situation were outlined and discussed based on experiences and lessons

learnt with LLs in Southern Africa network (LLiSA).

Key success factors identified by LLiSA could be specified for the LL in El

Salvador. Consequently, the newly established LL in El Salvador is very promising

with collaborations and innovation between communities, industry, academia,
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learners and schools. This ensured that the LL in El Salvador complies to these

success factors and this can influence sustainability in the long term.

The lessons learnt from LLiSA are very useful for the establishment of a LL in El

Salvador and they will be considered and, if possible, implemented into the LL in El

Salvador to foster the success of the established LL and its future. As a network like

LLiSA to ensure constant collaboration across LLs as well as a sharing of lessons

learnt, contacts with industry partners and recognition is very valuable, the option to

build up such a network in El Salvador in the future could be very helpful.
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Modeling the Intention to Use Carbon

Footprint Apps

Arno Sagawe, Burkhardt Funk, and Peter Niemeyer

1 Introduction

1.1 Carbon Footprint

In recent years the importance of carbon footprinting (or CO2 footprinting) has

increased from an industry but also an end user perspective. A carbon footprint is a

useful mean for determining the environmental impacts of products, services, and

other events. With the information of carbon footprinting we can effectively

measure and minimize the climate impact. It is an important information that

supports climate goals, for example limiting the global warming at 2 �C.
Originally the definition of carbon footprints considered the total sets of green-

house gas emissions. We follow Wright et al. (2011) and use their definition for

carbon footprinting. In their definition, only two prominent greenhouse gases are

taken into account: “A measure of the total amount of carbon dioxide (CO2) and

methane (CH4) emissions of a defined population, system or activity, considering

all relevant sources, sinks and storage within the spatial and temporal boundary of

the population, system or activity of interest. Calculated as carbon dioxide equiv-

alent (CO2e) using the relevant 100-year global warming potential (GWP100).”

Carbon footprinting has been discussed in the public (in Germany for example:

in education programs and in the media) because it has a much wider audience than

other environmental impact categories such as human toxicity or acidification

(Pelletier et al. 2007). To follow Weidema et al. (2008): “carbon footprints carry

the potential of being a good entry point for increasing consumer awareness and

fostering discussions about the environmental impacts of products.” At first, in

carbon footprinting, things are kept simple, and second, compared to other impact
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measures a carbon footprint can be easily estimated (Weidema et al. 2008). Cer-

tainly, it shows the consequences with regard to the own carbon footprint when a

person realize that 300 cups of filter coffee per year results in a carbon footprint of

coarse 0.22 t of CO2, or more than 2 % of the carbon footprint of an average

European in the same time (own calculation).

1.2 Carbon Footprinting Apps

Carbon footprint apps exist for several smartphone operating systems (e.g. Android

or iOS), to calculate the personal carbon footprint. Each app has different priorities

and features. Some apps capture the CO2 balance of flights only. Other apps cover

all possible data to calculate the personal carbon footprint. Still other apps combine

CO2 balances with fitness programs. For Example, “Carbon Footprint”, “Mein

CO2—Fußabdruck”, “Carbon Footprint ACP”, “CO2-Footprint”, “My Carbon

Footprint”, “Carbon Emissions Calculator”, “Green Footprint Calculator”,

“CarbonTrack”, “Changers—CO2 fit”, to name a few (Table 1). In the maximum

a given carbon footprint app has been downloaded only 1000–5000 times (App

Store 2015; GooglePlay 2015).

True for most of this kind of apps, the data for calculating a carbon footprint will

gather by barcodes. Some apps include challenges, such as: “Reduce your CO2

consumption in the next 3 days to X percent!”, or something similar. Also, these

apps allow to share the calculated carbon footprint in social networks.

There are a few research projects that examine how smartphones can be used to

support environmental protection and sustainability (Aram et al. 2012). Research

on carbon footprint apps does not exist. In 2015 the number of smartphone users

around the world is close to 2 bn (Emarketer 2015). Having said that, it is clear, that

only a small fraction of smartphone owners has installed or is currently using

carbon footprint apps. Knowing that smartphones can have a large impact on user

behavior we strongly believe that CO2 apps could significantly contribute to

Table 1 CO2 footprint apps

Name Version OS Rating Votes Downloads

Carbon Footprint 1.0 Android 3.0/5.0 2 100–500

Mein CO2—Fußabdruck 1.2 Android 3.5/5.0 7 100–500

Carbon Footprint ACP 1.11 Android 4.8/5.0 5 10–50

CO2-Footprint 1.0 iOS 4.0/5.0 – –

My Carbon Footprint 1.0 Android 3.0/5.0 20 1000–5000

Carbon Emissions Calculator 1.1 Android 4.5/5.0 4 1000–5000

Green Footprint Calculator 1.4 Android 1.6/5.0 25 1000–5000

CarbonTrack 1.0 iOS 4.0/5.0 – –

Changers—CO2 fit 1.1 iOS 4.0/5.0 – –
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reducing CO2 emissions caused on an individual level. In order to increase the

installed base of CO2 apps it is important to understand its drivers. Therefore, our

research question is “What is the intention to use a carbon footprint app?”. We hope

to make a contribution that will be considered during the development and publi-

cation of carbon footprint apps. In this paper we describe the design and preparation

of an empirical study.

2 Research Model and Hypotheses

2.1 Technology Acceptance Model

In order to operationalize the above question, we start from the technology accep-

tance model (TAM). In information systems research TAM is a model that explains

why people use technology or not. It was originally developed by Davis (1989) and

published in his thesis. The theoretical underpinnings of the TAM are based on the

theory of reasoned action (TRA) (Fishbein and Ajzen 1975). To explain the

individual’s information technology acceptance behavior, TAM adopts the TRA’s
causal links (Moon and Kim 2001).

Figure 1 shows the original TAM. External variables, such as an individual’s
abilities, the type of information technology, the task, and situational constraints,

are shown. Davis (1989) defined Perceived Usefulness as: “the degree of which a

person believes that using a particular system would enhance his or her job

performance” and Perceived Ease of Use as: “the degree of which a person believes

that using a particular system would be free of effort” (Moon and Kim 2001).

Attitude Toward Using is the degree of which a person intends to use the software.

Actual System Usage is the degree of which a person actually use the software. The

dashed lines show which constructs are queried by items. The solid lines show the

effect of the constructs on each other. Following Davis (1989), these are important

factors for evaluating the consequences of using information technology.

Fig. 1 Technology acceptance model (Davis 1989)
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TAM was originally developed for working contexts in organizations and

companies and, later, adopted to individual settings. For this purpose, additional

constructs and external variables were added (Agarwal and Karahanna 2000;

Koufaris 2002; Moon and Kim 2001). Reasons for the frequent use of TAM in

Information Systems Research may lie in the clarity and simplicity, but also in the

high reliability of its input variables, which has been demonstrated in a meta-

analysis (King 2006).

Since our context is environmental protection on an individual level, we adapt

and extend the original TAM (Fig. 1) by adding the constructs Environmental

Concern, Perceived Behavioral Control, and Perceived Enjoyment. We argue that

personal Environmental Concerns have a major effect on whether someone will use

CO2 apps. Perceived Behavioral Control relates to two important aspects: first, the

technical abilities of a person and, second, the person’s view of self effectiveness.

Perceived Enjoyment is a well-known construct that captures the playfulness being

an important driving force in app usage.

Since socio-demographic variables influence the environmental awareness

(Clark et al. 2003; Shen and Saijo 2008; Tanner 1999), we add external variables

such as age, place of residence, sex, education, number of kids, and technology

affinity. Perceived Ease of Use and System Usage are not included in our model

because in the proposed study we do not ask for a specific carbon footprint app nor

even personal experience with smartphone apps. The construct Intention to Use is

used synonymously with Attitude toward Using. In the graph, edges are marked

with Hn, representing the hypothesis in our model (Fig. 2).

2.2 Perceived Behavioral Control

For the present study context PBC is related to the consumers’ subjective degree of
control over adopting and using the carbon footprinting app. We expect, the higher

Fig. 2 The research model and hypotheses
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the degree of perceived control the greater the intention to use this kind of app

(Kranz and Picot 2011; Lee et al. 2009). PBC is directly linked to perceived

usefulness (PU) and perceived enjoyment (PE), as hypothesized. Perceived enjoy-

ment and usefulness were generically found to explain intention to use applications

(Verkasalo et al. 2010):

H0: Perceived behavioral control positively influences perceived enjoyment.

H1: Perceived behavioral control positively influences perceived usefulness.

2.3 Environmental Concern

As discussed by Kranz and Picot (2011), environmental psychology defines

constructs relating to environmental concern. They are used as predictors of

environmental friendly behavior (Kaiser et al. 1999). In accordance with Kranz

and Picot (2011) we refer to the construct as environmental concern in this

paper. Also we state that environmental concern is positively related to behav-

iors favoring the preservation of natural resources, i.e. adopting Green-IS (Kranz

and Picot 2011).

We expect, people with greater environmental concerns to have a higher likeli-

hood to use a carbon footprint app. Environmental concerns will also increase the

perceived usefulness:

H2: Environmental concern positively influences perceived usefulness.

H3: Environmental concern positively influences intention to use.

2.4 Perceived Enjoyment

Perceived enjoyment has a significant effect on the intention to use a new

technology (Venkatesh and Bala 2008). Venkatesh and Bala (2008) indicate a

positive interaction between perceived enjoyment and the intention to use. This is

particularly true for games (Van der Heijden 2004). Smartphones and apps can be

used for social or business purposes and for utilitarian as well as hedonic reasons

(Van der Heijden 2004). The influence of perceived enjoyment on the acceptance

of advanced mobile services (such as apps) is described many times (Hong and

Tam 2006; Hong et al. 2006; Kim et al. 2007; Nysveen et al. 2005a, b). Prior

studies of mobile data services incorporate perceived enjoyment into the TAM to

gain a more accurate prediction of user acceptance toward a specific source

(Bruner and Kumar 2005; Moon and Kim 2001; Van der Heijden 2003; Verkasalo

et al. 2010).
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This study defines perceived enjoyment as the degree to which a person believes

that using a carbon footprinting app is interesting and associates adoption with

enjoyment. Therefore, we hypothesizes:

H4: Perceived enjoyment positively influences intention to use.

2.5 Perceived Usefulness

If an individual perceives an activity to be beneficial to achieve valued outcomes,

he or she will be more likely to accept the new technology (Davis 1989). Davis

(1989) defines perceived usefulness as the prospective user’s subjective probability
that using a specific application system will increase his job performance within an

organizational context. Adams et al. (1992) follow Davis and find perceived

usefulness to be a major determinant of use behavior and intention. Several studies

examine the correlation between perceived usefulness and the intention to use in

evaluating consumer acceptance of an innovative product (Moon and Kim 2001;

Van der Heijden 2003; Vijayasarathy 2004).

We define perceived usefulness as the degree to which an individual perceives

the use of a carbon footprint app helps to be more efficiency in living an environ-

mental lifestyle:

H5: Perceived usefulness positively influences intention to use.

2.6 Intention to Use

Finally, in our model, the intention to use is positively influenced by environmental

concerns, perceived enjoyment, and perceived usefulness. According Davis and

Olson (1985) the intention to use is positively influenced by perceived ease of use.

As discussed above, in our TAM the perceived ease of use is not included.

3 Study Design

For the proposed study we use an online questionnaire based assessment. First, the

participants of the survey will be presented a fictitious carbon footprint app and its

main features are described (see Sect. 4.1). With the fictitious app in mind, study

participants are asked questions that provide insights into the intention to use a

carbon footprint app. This enables us to target the general population and not just a

small group of people which already uses this type of app.

Our questionnaire includes three types of questions: first, control questions

(Table 2), second, socio-demographic questions (Table 3) and third, the main
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questions relating to the constructs used in our study. The control questions are used

to identify relevant participants that are characterized by having a smartphone and

know about the concept behind carbon footprinting. The constructs Perceived

Behavioral Control (PBC), Environmental Concern (EC), Perceived Enjoyment

(PE) und Perceived Usefulness (PU) are questioned with five items per construct

(Table 4). Likewise, the Intention to Use (ITU) is questioned.

We acquire study participants via crowd sourcing. In these kind of settings,

participants are often called Clickworkers, a term, originally coined by NASA

(Haythornthwaite 2009). Today, working with Clickworkers is an emerging trends

in data collection (Gosling and Mason 2015). Clickworkers are internet users who

subscribe to a crowd sourcing provider (CSP) in order to respond to small tasks on a

fee basis. Amazon Mechanical Turk and the Germany based company Clickworker.

de are two examples for CSPs, sometimes also called micro job sites. To ensure the

quality of work, Clickworkers are tested by the CSP regarding their qualification.

To do so Clickworkers are required to provide their skills, knowledge and interests

during the registration process. Some CSPs offer online exams to new

Clickworkers. With respect to our study there are no special requirements to the

participants apart from the above control questions. But, could it be that a partic-

ipants is interested only in the money? Then the participants would answer the

survey as soon as possible. Therefore, we use the time as an indication of the

seriousness of the answers. If the time is less than 3 min, the survey cannot be

evaluated.

Table 2 Control questions

Scale items Question Value

S Do you have a smartphone? [Yes v no; 0 v 1]

C1 Do you know what is meant by the term carbon footprint? [Yes v no; 0 v 1]

C2 If so, what is your simple definition of it? [Varchar; 2048]

Table 3 Variables describing characteristics of participants

Scale

items Name Value

A Age 18–n

P Place of

residence

{GER, EU, Earth}

S Sex {Male, female}

G Graduation {Primary school, secondary school, college, university degree,

PhD, other}

W Work {Employed, Pensioner, Scholar, Student, House-wife, Other}

N Number of kids [0–x]

T Technology

affinity

[no-absolute; 0–6]

S Smartphone use [never-permanent; 0–6]

Modeling the Intention to Use Carbon Footprint Apps 145



Table 4 Research constructs and operational definitions

Scale

items Constructs Sources

Perceived behavioral control (PBC)

PBC1 1. I can use the app without help from

others

Taylor and Todd (1995), Verkasalo

et al. (2010)

PBC2 2. Using the app is entirely within my

control

PBC3 3. I have the resources and the knowledge

and the ability to make use of the app

PBC4 4. My knowledge of carbon footprint is

sufficient to use the app

PBC5 5. With the app I have control over my

carbon footprint

Environmental concern (EC)

EC1 1. The current civilisation is destroying

nature

Kranz and Picot (2011), Fraj and Marti-

nez (2006), Haanpää (2007), Dunlap and

Van Liere (2008)EC2 2. If the necessary measures are not taken

the environment deterioration will be

irreversible

EC3 3. Whenever possible, I travel by train

instead of flying in order to protect the

environment

EC4 4. I throw garbage in selective containers

EC5 5. Humans have the right to modify the

natural environment to suit their needs

Perceived enjoyment (PE)

PE1 1. The app must be interesting. Davis (1989), Moon and Kim (2001), Van

der Heijden (2004), Liao et al. (2008),

Nysveen et al. (2005a), Bruner and

Kumar (2005), Igbaria et al. (1994)

PE2 2. Document my carbon footprint makes

me feel enjoyable.

PE3 3. Using the app is a good way to spend

my leisure time.

PE4 4. A variety of functionality in app arouse

my curiosity.

PE5 5. Using the app involves me in the

enjoyable process

Perceived usefulness (PU)

PU1 1. The app makes my life easier as an

environmentally conscious person

Davis (1989, 1992), Adams et al. (1992),

Subramanian (1994)

PU2 2. Using the app facilitates the efficacy of

my ecological lifestyle

PU3 3. Using the app supports my lifestyle

PU4 4. Using the app increases the quality of

my life

PU5 5. Using the app is useful for me

(continued)
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The study targets the general population in German speaking countries. We

decided to not go for a more international setting because we would expect a high

bias towards specific countries. Men and women will be questioned (n� 200). The

participants must be 18 years old, a requirement enforced by the CSP we use for our

study.

4 Conclusion and Future Work

In this article, we described our upcoming study and the underlying Research

Model and Hypotheses to measure the intention to use Carbon Footprinting Apps.

Therefore, we customized the original TAM and adapt respectively extend the

original model by adding constructs which addresses environmental protection on

an individual level: Environmental Concern, Perceived Behavioral Control, and

Perceived Enjoyment. These constructs have been defined in further works from

other authors who deal with similar topics.

Our study will be carried out in the second quarter of 2015. The digital ques-

tionnaire will be provided on our web servers and the collected data will be stored

on our database servers. Participants receive a link to the questionnaire. Only those

participants that complete the questionnaire will receive their fee via the micro job

site. Estimating the structural equation model will be done by using smartPLS

which implements the partial least square approach. First results will be presented

during the ITEE conference.

Appendix

App Description

Suppose you would have access to the following app on your smartphone: The app

under consideration allows you to monitor your personal carbon footprint that

occurs when consuming products and energy intensive services. The app provider

is an EU based company that takes serious measures to protect your data. The

Table 4 (continued)

Scale

items Constructs Sources

Intention to use (ITU)

ITU1 1. If I have access to the app, I would use it Luarn and Lin (2005), Moon and Kim

(2001), Jackson et al. (1997)ITU2 2. I intend to using the app in the future

ITU3 3. I would recommend others to use the

app

ITU4 4. I use such an app already

ITU5 5. I will not use such an app
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download and use of the app is free. Overall, the app is self-explanatory, given the

fact that you understand the concept of carbon footprints.

The data used to calculate the carbon footprint can be easily collected. For data

collection multiple ways are possible: the smartphone camera is used as a scanner.

In addition the app reliably and intelligently interprets sensor data and action logs

(e.g. calendar entries) on the phone to infer the carbon footprint from traveling. If

products are equipped with NFC tags touching the product is sufficient to determine

the carbon footprint and give you the choice to make part of your carbon footprint,

e.g. when buying the product. The app has extensive and fun-to-use reporting

facility that help you to understand your daily and monthly carbon footprint and

set it into the context of climate change. Thus you can grasp what your contribution

to the problem is. In addition, the app gives recommendations how to act differently

(“take your bike today and save . . .”) and supports competitions on social media

platforms like Facebook (“who is the most environment friendly person in your

network today?”).
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Mass Customization: Sustainability of a

Computer-Based Manufacturing System

Hans-Knud Arndt

1 Introduction

The issue of mass customization becomes increasingly meaningful to the global

economy. Whether cars or cereals, shampoos or sneakers: not only small start-ups

but also global companies such as Adidas and Coca-Cola follow this trend. Is this

only hype or actually a business model for the future? The second question is about

the sustainability of mass customization. The third question concerns the role of

the information and communication technology (ICT) with both the realization of

mass customization and the realization of a sustainable mass customization.

2 Mass Customization

Mass customization is a concept introduced by Stanley M. Davis in 1987. Tradi-

tional industrial production is using economies of scale to produce goods at

low costs. This is called mass production. Mass production has nearly no variety

(for example the Ford T Model). In contrast, individual production with a high

degree of variety has small volumes with high costs. Davis suggested that new

business models should accept “the coexistence of mutually contradictory phenomena”

(Davis 1989) and he called this business model “mass customization”. Mass custom-

ization is realizable through the use of new technology that offers both economies of

scale and specificity. The goal is to produce goods that are individually and cost-

effectively manufactured. Besides questions of manufacturing, the customer’s
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awareness and perception of mass customization is mentioned as another prerequisite

of the concept (Davis 1989).

A very common definition of mass customization is that it refers to the produc-

tion of products and services for a (relatively) large market, which meets the

different needs of each customer of these products, with the efficiency of a compar-

able mass or series production (Piller 2006). According to this definition, the

following four aspects of mass customization should be considered (Piller 2004):

• Customer Co-Design: The genus of mass customization is customer co-design

(Piller 2004). Customers are integrated into the product and service creation by

defining and configuring an individual solution. It is a concretization of the end

user desires and needs to certain product specifications. For this procedure, the

end user needs a tool, e.g., a paper-based catalog or configuration software (Boër

et al. 2013).

• The Needs of Each Individual Customer: The co-design procedure provides

all possible product configurations offered by the manufacturer (degree of

customization). The goal of mass customization is a single customized product,

which correctly identifies the customization dimensions and options meant to

satisfy the customer needs. These individual needs can be operationalized by the

following three dimensions (Boër et al. 2013):

– Fit: measurements of a product with the given dimensions of the recipient

– Style: aesthetic design by modifications aiming at optical or sensual senses

– Functionality: technical attributes (power, interfaces etc.) of an offering.

A three-branch radar graph depicts these dimensions of customization (see

Fig. 1).

Fig. 1 The customization

axes (Boër et al. 2013)
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• Stable Solution Space: A solution space can be defined as pre-existing capa-

bility and degrees of freedom built into a given manufacturer’s production

system (Von Hippel 2001). Therefore, a successful mass customization system

is characterized by stable but still flexible and responsive processes that provide
a dynamic flow of products (Piller 2004). While within a conventional (craft)

customization the customizer re-invents not only its products but also its pro-

cesses for each individual customer, a mass customizer uses stable processes to

provide high-variety products and services.

• Adequate Price: Mass customization can be distinguished from craft custom-

ization by the fact that mass-customized products and services are targeting the

same market segment like the markets of corresponding standard products and

services. In contrast, the traditional craft customization is located in the premium

price segment. Therefore, the targets of craft customization are completely

different market segments.

In the field of environmental sustainable mass customization research, one

basic question is whether “mass-customized products [are] more sustainable or

less sustainable compared to traditionally mass produced products” (Brunø

et al. 2013). Methods used for this kind of research question usually focus on the

difference of modular products (mass customization) and integrated products

(traditional mass production). Initially, it is assumed that integrated products have

the advantage that “the performance of a product can be improved compared to a

modular product” (Brunø et al. 2013).

Research results (Brunø et al. 2013) point out that there are several relations

between the elements of mass customization and environmental sustainability.

Typical concepts, which have an impact on the performance of mass customization,

are:

• Individual distribution

• Modularity

• Process variety

• Product variety

• Reconfigurability.

All these concepts have an effect on the following indicated elements of

environmental sustainability in the context of mass customization:

• Energy efficiency

• Material usage

• Process variety

• Need for additional products

• Reuse

• Remanufacturing

• Enables upgrades

• Service

• Premature disposal
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Concerning the element of energy efficiency, the concept of individual distri-

bution potentially has a positive influence (solid line in Fig. 2) and a negative

influence (dotted line in Fig. 2) on the environmental sustainability compared to

mass production. Furthermore, individual distribution enables remanufacturing

(positive effect on environmental sustainability). The concept of modularity has

negative effects on the energy efficiency and material usage (both dotted lines in

Fig. 2) and positive effects on remanufacturing, enables upgrades and service (solid

lines in Fig. 2). The concept of process variety increases the material usage

(negative effect, dotted line in Fig. 2). The concept of product variety complicates

the elements service and reuse (negative effects, dotted lines in Fig. 2) and reduces

the need for additional products as well as the premature disposal (positive effects,

solid lines in Fig. 2). Finally, the concept of reconfigurability enables reuse (posi-

tive effect, solid line in Fig. 2).

This qualitative study concludes that eight positive and six negative relation-

ships were identified. However, these numbers cannot be used for concluding that

mass customization is more sustainable than mass production, since these relations

are not unambiguously quantifiable and can only be quantified for specific products

as different products have different environmental impacts. Furthermore, the

authors of the study state that further research could analyze these relations using

a quantitative approach for specific product types (Brunø et al. 2013).

The qualitative study of Brunø et al. (2013) points out positive and negative

relations between mass customization and sustainability, but provides no starting

point for an approach of sustainable mass customization. Thinking about (more)

sustainability in the context of mass customization, the main connecting factor is

the aspect customer co-design in conjunction with the aspect needs of each indi-
vidual customer.

Fig. 2 Relations between mass customization and sustainability (Brunø et al. 2013)
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3 Customer Co-design as Connecting Factor

of Sustainability

The customer is of particular importance to mass customization. The basis of the

value-added process is the co-design process for the definition of individual goods

and services in interaction between providers and users (Piller 2006). Therefore, the

customers must be involved in the product design process so that a specific product

is produced that meets their needs and requirements.

The basic idea is that the customer co-design process is performed based on a list

of options and predefined components. This list is the result of surveys and analyses

(aspect needs of each individual customer) before the customization process.

“Those options were defined trying to meet the needs of the individual customer

by analyzing the needs of the many.” (Boër et al. 2013). Keeping the thesis

“identifying the needs of the individual customer by analyzing the needs of the

many” guides us to one fundamental question of design, especially in the context of

sustainability:

Is analyzing the needs of the many able to identify the best and sustainable solution space

for mass customization?

A wrong solution space leads us to what the former chief designer of Braun

GmbH, Dieter Rams, calls “the arbitrariness and the thoughtlessness with which

many products are designed today” (Hein 2015) such that resources are wasted. In

his “ten principles for good design” (Vitsoe 2015) Rams states that:

• Good design is long-lasting (principle 7): “It avoids being fashionable and

therefore never appears antiquated. Unlike fashionable design, it lasts many

years—even in today’s throwaway society”.

• Good design is environmentally friendly (principle 9): “Design makes an

important contribution to the preservation of the environment. It conserves

resources and minimizes physical and visual pollution throughout the lifecycle

of the product.”

Therefore, the question of how to implement the customer co-design process of

mass customization towards sustainability is also a question of how to achieve good

design. More precisely: Is the mass able to generate individual and sustainable

customer demands or would it be better if the designer creates appropriate options

for individual customers? Furthermore, are the customization axes style/aesthetic,

fit/comfort and functionality of the mass customization aspect “the needs of each

individual customer” the right dimensions for a sustainable mass customization? In

detail: Is a single customer able to enumerate in advance their needs of function-

ality, style/aesthetic and comfort, e.g., for a new car like the new Volkswagen Golf

model, in the distant future? The personal fit belonging to the individual bodily

space circumstances is the exception. For example, the mass-customized fit of a

sport shoe is certainly an interesting factor. But the decision of shoe color and shoe
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pattern is not a question of personal fit. In order to not displease the latest fashion

trends, the customer needs certain design proposals from the shoe designers.

Design is always to be seen in the relationship of a certain technology and

appropriate markets and is never to be seen as a scope in itself (like artists do). The

Grand Management Information Design is an approach that deals with these three

aspects of design, technology and markets towards sustainable solutions.

4 Grand Management Information Design

Basically every production of goods and services is imaginable as mass custom-

ization. If and when a specific goods or service can actually be realized as mass

customization depends on the realized or realizable combination of design, techno-

logy and market. In 2005, the company Braun GmbH, which belongs to the US

company Procter & Gamble, described this approach as “Grand Design”, which

(at that time for physical products) raises the aspects of design and technology so

that new markets can be created and developed, respectively.

A good example of this approach is Apple’s iPad (which is in line with Braun’s
design tradition) that was introduced by Steve Jobs in 2010. Lots of individual

manufacturers (including Apple) started several attempts in the field of tablet

computers with first experiments in design, technology and market penetration of

tablet computers. Though, it is the special combination of design, technology and

market response to the iPad, which succeeded.

Our Grand Management Information Design approach is based on the idea of

Braun’s Grand Design. The goal of Grand Management Information Design is to

support the users of ICT with sustainably designed equipment according to their

sustainable needs (see Fig. 3). Apple’s iPad underlines the purposes of Grand

Management Information Design (Arndt 2014):

GRAND MANGEMENT
INFORMATION DESIGN

MARKETS

TECHNO
LO

G
Y

DESIG
N

Fig. 3 Grand Management

Information Design
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• Design: The technical quality of the iPad significantly expresses the elegance of

both hardware and user interface (software).

• Technology: The iPad has significantly increased the technical quality of mobile

end devices with touch screens.

• Market: Despite initial skepticism, the iPad has succeeded in creating a new

market of utmost importance.

In order to achieve an environmental and sustainable design of ICT ecosystems,

we first have to look at the design process of Apple. While Apple traditionally

focuses on ideas and intuition of a visionary designer, in the past the competitor

Microsoft developed new products and services by analyzing the—hardly clearly

articulated—demands of many and by testing usability in large scale (Arndt 2013).

The former Microsoft design approach is very similar to the needs of the many
approach stated in the context of mass production (see above). According to the ten

principles of Rams, good design is the key to greater environmental friendliness and

sustainability of products. This also applies to ICT products and ICT ecosystems.

The chance to achieve a continuously good design is much higher using the Apple

design approach than using the former Microsoft approach.

The question of technology can also be explained by one of the ten principles of

good design of Rams. In principle 1 “Good design is innovative” (Vitsoe 2015),

Rams states: “The possibilities for innovation are not, by any means, exhausted.

Technological development is always offering new opportunities for innovative

design. But innovative design always develops in tandem with innovative techno-

logy, and can never be an end in itself.”

The iPad exemplifies the question of market. When the iPad was introduced in

2010, the people asked if a device like an iPad is really essential. Is there a

significant added value by using such a device? Does the iPad have specific

functions that differ from other tablet computers? (Arndt et al. 2013). In an

interview with the French Online Service Buzz Média Orange-Le Figaro a Swiss

publisher said that the iPad is not more than dalliance (Haymarket Media 2010).

Media journalist Jeff Jarvis explained why he returned his iPad to the store (H€oly
2010): “I’m taking my iPad back to the store [. . .]. It’s really because I don’t see a
need for it. It’s solving a problem that I don’t think exists [. . .].” In contrast, in 2010,
a few months after the release of the first iPad, Steve Jobs predicted that tablet

computers would eventually overtake Personal Computers (PCs). “In 2014,

according to updated figures from Gartner, after five years of rather crazy tablet

growth and slowly declining PC sales, 2015 will be the year that Jobs’ post-PC
dream is finally realized. In 2015, Gartner predicts a total of 320 million tablet sales

versus only 316 million PC sales (desktops and laptops)” (Anthony 2014). Steve

Jobs created a new and very important market in the ICT area with tablet

computers.
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5 Mass Customization: A Computer-Based Manufacturing

System and a Manufacturing System for Information

and Communication Technology

Modern business and industrial concepts can only be realized if suitable informa-

tion and communication technology is available and new ICT leads to new oppor-

tunities in business and industry. Therefore, the idea of mass customization can

only be achieved as a computer-based manufacturing system, and ICT products can

also be manufactured as mass-customized products.

Today, Apple’s iPad is still not a product which is attributable to mass custom-

ization. But we can see that Apple makes significant steps towards diversification.

The iPhone is now available in two sizes (iPhone 6 and the larger iPhone 6S) and

more than the original two color versions (three for iPhone 6 and 6S, and even five

colors for iPhone 5C). Diversification leads to mass customization. However, at

which point exactly this step is taken away from the industrial mass production

towards mass customization is only decided by the respective realizable or realized

combination of design, technology and market.

The Internet plays a crucial role in mass customization. More generally, it may

not only be the Internet, but a corresponding information and communication

platform. On the customer side, product configurations can be realized with the

help of the Internet, i.e., realizing the front end of mass customization, and the

Internet transports the user interface to the customer. In the background, the

communication along the value chain or rather value network of customized

products is based on the Internet as well (supply chain management).

New ICT will always lead to new opportunities for products and services. For

example, the 3D printer will lead to acceleration effects in mass customization, but

the exact amount is difficult to predict. Certainly, time savings, such as for the

development of new products, are possible. And of course, the 3D printer will lead

to new applications of mass customization. A mass customization is always limited.

But these limits are not fixed in the course of time, they are continuously changing.

Certainly, there are specific limits of extra charges caused by mass custom-

ization. Today, it is difficult to imagine that products, which you can buy in five-

and-dimes, were produced in terms of mass customization. But who says that this

fact will be valid forever—particularly for companies that are competing in our

globalized economy? Especially with 3D printers it is possible to think about an

implementation of mass customization by printing cheap products on-site in five-

and-dimes in the future. However, this vision may cause large negative environ-

mental impacts. Therefore, design, technology and market must be considered in a

synopsis to achieve successful and sustainable ICT products and ICT-based solu-

tions such as mass customization.
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6 Mass Customization and Sustainability

ICT represents a key technology that helps to offer continuously new and ever more

individualized services on the market. Mass customization leads to diversification

and vice versa. Diversification—at least in a company—is limited. In this context,

the keyword core competencies is important. Companies have only limited core

competencies available in a certain time. The designer Dieter Rams states that

leaving the company’s core competencies leads to arbitrariness, which is dangerous

for the long-term success in the market. Furthermore, arbitrariness is contrary to the

sustainable and respectful use of resources and causes negative environmental

impacts.

However, the inexactly determinable boundary between industrial mass produc-

tion and individualized mass customization has to be approximately identified in

each period. This boundary is influenced by the kind of product (e.g. automotive

industry) or service. Premium products are rather subject to mass customization

than volume products (especially observable in the automotive sector). Each time

has a price-based limit for mass customization, but with a certain combination of

design, technology and market there is and will be a move away from premium

products to volume products. One the other hand, the opportunities of custom-

ization of premium products will always be far greater than the opportunities of

customization of volume products.

A particular manner of handling the question of sustainability and mass custom-

ization is an approach which addresses the link between mass customization and

sustainability by defining a set of key performance indicators (KPIs) such as the

sustainability assessment model (SAM) (Boër et al. 2013) or the Mass Customization

Business Model (MC BM): The “development of an MC BM provides the required

backbone to analyze the environmental impacts of such a BM. In other words, we can

monitor the performance of the MC BM in terms of environmental sustainability to

understand ‘Is mass customization is sustainable?’. In order to track the possible

impacts, three KPI are defined in this study: waste production, energy consumption

and emission” (Pourabdollahian et al. 2014). More generally, “providing customers

with enough information on the environmental impact of certain product attributes

during the co-design process can help the users to understand the sustainability

impact of their individual choices and thus ultimately supports the design of more

ecofriendly products” (Pourabdollahian and Steiner 2014).

Though, we must state that the simple addition of KPIs to the concept of mass

customization is far from being a sustainable mass customization. In order to

achieve a sustainable mass customization, we need an operationalization of the

Grand Management Information Design approach. A core point of the Grand

Management Information Design approach and the concept of mass customization

is the design of products and services. Design is always to be seen in the relation-

ship of a certain technology and appropriate markets, operationalized by the ten

principles of good design of Dieter Rams (Vitsoe 2015):
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1. Good design is innovative: The possibilities for innovation are not, by any

means, exhausted. Technological development is always offering new oppor-

tunities for innovative design. But innovative design always develops in tan-

dem with innovative technology, and can never be an end in itself.

2. Good design makes a product useful: A product is bought to be used. It has to

satisfy certain criteria, not only functional, but also psychological and aes-

thetic. Good design emphasizes the usefulness of a product whilst disregarding

anything that could possibly detract from it.

3. Good design is aesthetic: The aesthetic quality of a product is integral to its

usefulness because products we use every day affect our person and our well-

being. But only well-executed objects can be beautiful.

4. Good design makes a product understandable: It clarifies the product’s
structure. Better still, it can make the product talk. At best, it is self-

explanatory.

5. Good design is unobtrusive: Products fulfilling a purpose are like tools. They

are neither decorative objects nor works of art. Their design should therefore be

both neutral and restrained, to leave room for the user’s self-expression.
6. Good design is honest: It does not make a product more innovative, powerful

or valuable than it really is. It does not attempt to manipulate the consumer with

promises that cannot be kept.

7. Good design is long-lasting: It avoids being fashionable and therefore never

appears antiquated. Unlike fashionable design, it lasts many years—even in

today’s throwaway society.

8. Good design is thought-out to the last detail: Nothing must be arbitrary or

left to chance. Care and accuracy in the design process show respect towards

the user.

9. Good design is environmentally friendly: Design makes an important con-

tribution to the preservation of the environment. It conserves resources and

minimizes physical and visual pollution throughout the lifecycle of the product.

10. Good design is as little design as possible: Less, but better—because it

concentrates on the essential aspects, and the products are not burdened with

non-essentials. Back to purity, back to simplicity.

Therefore, these ten principles of good design should consequently be applied to

the concept of mass customization. And of course, during the design process and all

other processes of mass customization sustainable KPIs are needed. But it must be

kept in mind that some of these KPIs are measurable and some are not. The Global

Reporting Initiative (GRI) guidelines for sustainable reporting provide a good

overview of potential sustainability performance indicators, which are organized

by economic, environmental and social categories (GRI 2011):

• Economic Performance Indicator:

– Aspect: Economic Performance (4 indicators)

– Aspect: Market Presence (3 indicators)

– Aspect: Indirect Economic Impacts (2 indicators)

160 H.-K. Arndt



• Environmental Performance Indicators:

– Aspect: Materials (2 indicators)

– Aspect: Energy (5 indicators)

– Aspect: Water (3 indicators)

– Aspect: Biodiversity (5 indicators)

– Aspect: Emissions, Effluents, and Waste (10 indicators)

– Aspect: Products and Services (2 indicators)

– Aspect: Compliance (1 indicator)

– Aspect: Transport (1 indicator)

– Aspect: Overall (1 indicator)

• Social Performance Indicators:

(a) Labor Practices and Decent Work Performance Indicators:

– Aspect: Employment (4 indicators)

– Aspect: Labor/Management Relations (2 indicators)

– Aspect: Occupational Health and Safety (4 indicators)

– Aspect: Training and Education (3 indicators)

– Aspect: Diversity and Equal Opportunity (1 indicator)

– Aspect: Equal Remuneration For Women And Men (1 indicator)

(b) Human Rights Performance Indicators:

– Aspect: Investment and Procurement Practices (3 indicators)

– Aspect: Non-discrimination (1 indicator)

– Aspect: Freedom of Association and Collective Bargaining (1 indicator)

– Aspect: Child Labor (1 indicator)

– Aspect: Forced and Compulsory Labor

Core (1 indicator)

– Aspect: Security Practices (1 indicator)

– Aspect: Indigenous Rights (1 indicator)

– Aspect: Assessment (1 indicator)

– Aspect: Remediation (1 indicator)

(c) Society Performance Indicators:

– Aspect: Local Communities (3 indicators)

– Aspect: Corruption (3 indicators)

– Aspect: Public Policy (2 indicators)

– Aspect: Anti-Competitive Behavior (1 indicator)

– Aspect: Compliance (1 indicator)

(d) Product Responsibility Performance Indicators:

– Aspect: Customer Health and Safety (2 indicators)

– Aspect: Product and Service Labeling (3 indicators)

– Aspect: Marketing Communications (2 indicators)

– Aspect: Customer Privacy (1 indicator)

– Aspect: Compliance (1 indicator)
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7 Conclusion

The goal of Grand Management Information Design is to support the concept of

mass customization with sustainable products and services according to the sus-

tainable needs of end users. Therefore, in the context of mass customization the

implementation of customer co-design is always to be seen as a sustainable

pre-design of an expert in the relationship of a certain technology and appropriate

markets. KPIs are not the key to an approach of sustainable mass customization.

After all, we have highlighted that KPIs in this respect are merely a supplement of

design—but a reasonable one.
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