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Smart  tourism  is  an  advanced  form  of  tourism  generated  by  technological  de-
 velopment, in which IT is used to support touristic activities. Smart technology 
 is used to create, manage and to deliver intelligent touristic services. However, 
 tourism  is  a  conflicting  field,  as  tourism  generates  a  vast  amount  of  negative 
 environmental impacts. Since IT is a key part of the development of smart tour-
 ism, it is reasonable to examine smart tourism from the perspective of green IT. 


Green  IT  means  sustainable  and  environmentally  sound information  technolo-
 gy.  The  objective  of  green  IT  is  to  reduce  negative  environmental  impacts  by 
 using  sustainable  technology  and  developing  technological  solutions  that  help 
 in reducing the negative environmental impacts of other processes. As tourism 
 is  a  major  source  of  income  around  the  world,  it  is  important  that  it  is  devel-
 oped in a sustainable manner. This study explored how green IT principles are 
 incorporated in Finnish smart tourism development by conducting a literature 
 review and an empirical research. The results of the study found that green IT 
 principles  appear  in  Finnish  smart  tourism  development  mostly  through  atti-
 tudes,  enabling  impacts  and  systemic  impacts.  In  all  projects,  environmental 
 issues were regarded as an important part of the development of smart tourism 
 and many enabling and systemic impacts were found in the study. Taking the 
 direct impacts of IT into account was found to be at a weak state. At the strate-
 gic and governing level, environmental factors were found to be poorly regard-
 ed. Environmental factors are not included in strategies, policies and responsi-
 bilities regarding the development or use of ICT. The study produced new in-
 formation  on  Finnish  smart  tourism  development  and  on  the  state  of  its  sus-
 tainability, as Finnish smart tourism development projects have not been stud-
 ied  before.  The  developed  research  framework  was  found  to  be  suitable  for 
 studying the subject and can be utilized in further studies that aim to examine 
 the sustainability of an entity. The framework can also be used as a tool in de-
 veloping  smart  tourism,  as  the  themes  of  the  framework  form  a  sustainable 
 whole.   


Keywords: smart tourism, smart tourism development, green IT, sustainability, 
sustainable tourism 



(3)Pöyhönen, Silja 


Green IT Perspective on Sustainable Smart Tourism Development 
 Jyväskylä: Jyväskylän yliopisto, 2019, 92 s. 


Tietojärjestelmätiede, pro gradu -tutkielma 
 Ohjaaja: Makkonen, Pekka 


Älyturismi  on  teknologian  kehityksen  synnyttämä  turismin  muoto,  jossa  in-
 formaatioteknologiaa  käytetään  laajasti  turismin  tukena.  Älyturismissa  in-
 formaatioteknologiaa  käytetään  älykkäiden  turistipalveluiden  luomiseen,  hal-
 linnoimiseen  sekä  toimittamiseen.  Turismi  on  kuitenkin  ristiriitainen  ala,  sillä 
 turismi aiheuttaa hyvin paljon negatiivisia ympäristövaikutuksia. Koska älytur-
 ismin  kehityksessä  informaatioteknologia  on  keskeisessä  osassa,  on  järkevää 
 tarkastella älyturismia vihreän informaatioteknologian näkökulmasta. Vihreällä 
 IT:llä  tarkoitetaan  kestävää  ja  ympäristöystävällistä  teknologiaa.  Vihreän  IT:n 
 tavoitteena  on  vähentää  negatiivisia  ympäristövaikutuksia  käyttämällä  kes-
 tävää  teknologiaa  sekä  kehittämällä  teknologisia  ratkaisuja,  jotka  auttavat 
 vähentämään muiden prosessien negatiivisia ympäristövaikutuksia. Koska tur-
 ismi  on  merkittävä  tulonlähde  ympäri  maailman,  on  tärkeää,  että  sitä  kehite-
 tään kestävällä tavalla. Tässä tutkimuksessa selvitettiin kirjallisuuskatsauksen ja 
 empiirisen  tutkimuksen  avulla,  kuinka  vihreän  IT:n  perusperiaatteet  ovat 
 mukana älyturismin kehityksessä Suomessa. Tutkimuksen tuloksista huomatti-
 in,  että  vihreän  IT:n  perusperiaatteet  näkyvät  suomalaisessa  älyturismin  ke-
 hityksessä enimmäkseen asenteiden, IT:n mahdollistavien vaikutusten sekä IT:n 
 systeemisten  vaikutusten  kautta.  Ympäristöasioiden  huomioon  ottamista 
 pidettiin tärkeänä osana älyturismin kehitystä kaikissa tutkituissa projekteissa. 


Tutkimuksessa  löydettiin  monia  IT:n  mahdollistavia  sekä  systeemisiä 
 vaikutuksia.  IT:n  suoria  vaikutuksia  otettiin  projekteissa  huomioon  heikosti. 


Strategisella  sekä  johtamisen  tasolla  ympäristöasioihin  ei  kiinnitetty  huomiota 
 tutkituissa projekteissa. Kestävyyttä ei ole sisällytetty tavoitteisiin, strategioihin 
 ja käytänteisiin eikä rooleja ja vastuita ole määritelty ICT:n kestävän kehityksen 
 seurannalle.  Tutkimus  tuotti  uutta  tietoa  suomalaisesta  älyturismin  ke-
 hityksestä  sekä  sen  kestävyyden  tilasta,  sillä  suomalaisia  älyturismin  ke-
 hitykseen liittyviä projekteja ei ole aikaisemmin tutkittu. Tutkimusta varten ra-
 kennettu  viitekehys  todettiin  sopivaksi  aiheen  tutkimiselle  ja  sitä  voidaan 
 hyödyntää  jatkossa  muissa  tutkimuksissa,  joissa  on  tarkoituksena  tarkastella 
 jonkun  toimijan  kestävyyden  tilaa.  Viitekehystä  voidaan  myös  käyttää  älytur-
 ismin kehityksen tukena, sillä viitekehyksen teemat muodostavat yhdessä kes-
 tävän kokonaisuuden.  


Asiasanat:  älyturismi,  älyturismin  kehitys,  vihreä  informaatioteknologia,  kes-
tävä kehitys, kestävä turismi 
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1 INTRODUCTION 


Continuously  increasing  number  of  cities  around  the  world  strive  towards 
 smartness and desire to claim the title “smart city”. The present-day technologi-
 cal development offers new business opportunities to everyone and a remarka-
 ble chance to personalize services. Smart tourism is a fairly new tourism service 
 concept born from the development of information technology.  Smart destina-
 tions and their technologically enhanced tourism experiences offer a substantial 
 stream  of  revenue  for  those  who  succeed  in  attracting  smart  tourism  (Albino, 
 Berardi,  &  Dangelico,  2015;  Boes,  Buhalis,  &  Inversini,  2016;  Buhalis  & 


Amaranggana,  2015;  Gretzel,  Sigala,  Xiang,  &  Koo,  2015).  The  Finnish  capital 
 Helsinki  was  selected  as  the  winner  of  EU’s  inaugural  European  Capital  of 
 Smart  Tourism  competition  (Good  News  from  Finland,  2018). The  smart  tour-
 ism categories that were used in the evaluation were accessibility, sustainability, 
 digitalization, cultural heritage and creativity. This piece of news confirms that 
 Finland  is  in  a  leading  role  in  smart  tourism  development  which  is  not  unex-
 pected from the technologically developed country. 


Tourism, be it traditional or smart, is a viable and important economic de-
 velopment  strategy  for  many  countries  and  cities  (Harrill,  2004)  but  one  must 
 not forget that tourism has many negative impacts on the environment, cultural 
 heritage and the local population (Pan et al., 2018). The natural environment of 
 a place consists of many things: animals, plants, soil, water, air and people (May, 
 1991).  Tourism  poses  a  threat  to  all  of  these  things. Structural impacts  of  tour-
 ism modify the landscape, soil and the natural habitat of animals. Air travel and 
 traveling by cars have polluting effects that increase the amount of carbon diox-
 ide  in  the  atmosphere.  The  spreading  of  tourism  has  accelerated  the  already 
 overwhelming  loss  of  forestry  and  soil,  polluted  the  water  and  air  and  forced 
 cultures to change. (May, 1991; Pan et al., 2018.)  


The  world  is  more  globally  connected  than  ever.  The  amount  of  work-
related travel is large, some actually travel as their job, and people have a crav-
ing  to  see  the  world.  Restraining  tourism  does  not  seem  to  be  an  option  and 
therefore  one  must find  other  means  to  decrease  the  negative  impacts  of  tour-
ism  and  to  develop  tourism  sustainably.  Since  tourism  is  going  “smart”  and 



(8)technology has an increasing role in tourism, the green IT perspective seems a 
 promising one. The basic thought behind green information technology is sus-
 tainability  and  sustainable  development  by  creating  environmentally  sound 
 technology and information systems that can be used in reducing negative en-
 vironmental  impacts  (Murugesan,  2008).  The  green  IT  perspective,  it’s  values 
 and models are promising tools in developing smart tourism sustainably.  


The development of smart tourism is problematic, as tourism itself gener-
 ates many negative impacts on the environment and the information technolo-
 gy  used in its  development  has  also  its  own negative  impacts. The  purpose  of 
 this thesis is to examine the development of smart tourism from the perspective 
 of green IT and to assess how sustainable Finnish smart tourism is by green IT 
 principles.  The  research  topic  is  very  significant  and  current,  as  the  develop-
 ment  of  information  technology  has  led  to  an  increasing  use  of  technology  in 
 supporting tourism services worldwide and the environmental problems of our 
 planet  are  concerning  people  more  and  more.  There  exists  a  large  amount  of 
 research on green IT and some on smart tourism, but research that concentrates 
 on the sustainability of smart tourism or on sustainability of smart tourism de-
 velopment is scarce. The amount of tourism (or smart tourism) is probably not 
 decreasing, which is why it is very important that smart tourism development 
 is regarded from a sustainable point of view. The research question of the thesis 
 was defined as follows:  


  How  are  green  IT  sustainability  principles incorporated  in Finnish 
 smart tourism development and its ICT solutions? 


In order to gain a deeper understanding of the research topic, the follow-
 ing supporting questions were also defined for the study: 


  What is smart tourism and smart tourism development? 


  Which technologies and ICT solutions are being used in smart tour-
 ism development? 


  What are green IT and green IT sustainability principles? 


The  study  began  with  a  literature  review.  The  literature  was  mainly  col-
 lected  through  the  Google  Scholar  search  engine  and  the  following  databases: 


Academic Search Elite (EBSCO), Advanced Technologies & Aerospace database 
 (ProQuest)  and  Association  for  Information  Systems  Electronic  library.  Some 
 topical information was searched for in news articles. In addition, printed litera-
 ture  was  searched  from  the  database  of Jyväskylä  University  Library.  The fol-
 lowing  keywords  and  their  combinations  were  used  in  searching  the  material: 


smart tourism, smart tourism destination, smart tourism development, green IT, 
 green  information  technology,  sustainable  technology,  green  IT  principles, 
 green IT models, sustainable smart tourism and tourism and the environment. 


In  addition,  some  material  was  also  searched  through  the  source  references  of 
key articles. Most of the material is literature from the field of IT. For the most 



(9)part, the materials used were articles but there were also some conference pub-
 lications, books and news articles.  


The  empirical  part  of  the  study  was  performed by  using  a  qualitative  re-
 search  method.  The  data  collection  was  done  by  conducting  semi-structured 
 interviews that were based on a research framework created from the literature. 


The  interviews  were  transcribed  and  analyzed  using  qualitative  analysis.  The 
 analysis  consisted  of  four  phases:  reading,  categorizing,  finding  connections 
 and  reporting.  In  addition  to  qualitative  reporting,  quantitative  reporting  was 
 used to facilitate the understanding of the research results.   


In  addition  to  the  introduction,  the  thesis  consists  of  7  chapters.  The  sec-
ond  and  the  third  chapter  form  the  literature  review.  The  second  chapter  de-
fines  the  concept  of  smart  tourism,  presents  the  technological  foundations  of 
smart tourism, describes smart tourism destinations and their development and 
presents the impacts of tourism. The third chapter deals with green IT: the con-
cept of green IT is explained, environmental impacts of IT are reported, green IT 
practices and approaches and benefits of green IT are explained, and the most 
used green IT frameworks are presented. The fourth chapter consists of a sum-
mary  of  the  literature  review  and  the  development  of  the  research  framework 
for the empirical research. The fifth chapter presents the empirical research and 
its implementation. The sixth chapter presents the research results grouped ac-
cording  to  the  research  framework.  The  seventh  chapter  consists  of  discussion 
where the relevance of the study and its results are discussed and the reliability, 
validity, generalization and limitations of the study are reviewed. The last chap-
ter presents a summary and conclusions of the study as well as further research 
topics.  
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2 SMART TOURISM 


This chapter focuses on smart tourism and its technological foundations. First, 
 some  demonstrative  concepts  and  vocabulary  are  explained.  This  chapter  ex-
 plains the concept of smart tourism, presents its technologies and infrastructure, 
 describes  smart  tourism  destinations  and  their  characteristics  and  then  moves 
 onto the environmental and sociocultural aspects of tourism.  


2.1 Main concepts  


Smart  technology refers  to  technology  operated  on  sensors,  open  data,  ex-
 change of information and big data (Gretzel, Sigala, et al., 2015). Harrison et al. 


(2010)  define  smart  as  “exploiting  operational,  near-real-time  real-world  data, 
 integrating  and  sharing data,  and  using  complex  analytics,  modelling,  optimi-
 zation  and  visualization  to  make  better  operational  decisions”.  Smart  is  also 
 defined as “the ability to quickly, flexibly and accurately understand and solve 
 problems”  (Li, Hu,  Huang,  &  Duan,  2017a). According  to  Gretzel  et  al.  (2015), 
 smartness is not only the individual technological developments but rather the 
 interconnection  and  synchronization  of  digital  and  physical.  Buhalis  & 


Amaranggana  (2013)  suggest  that  the  concept  “smartness”  refers  to  complex 
 technological infrastructures and “integration of ICT to improve processes and 
 interconnect sub-systems”.  


Tourism  “is  a  social,  cultural  and  economic  phenomenon  which  entails  the 
movement of people to countries or places outside their usual environment for 
personal  or  business/professional  purposes”  (UNWTO,  2019).  Harrill  (2004) 
defines tourism as “all travel except commuting” that is combined of transpor-
tation,  lodging,  entertainment  activities  and  exercises,  land  use,  environment 
and social structure. Tourism can be divided further into subcategories, e.g. eco-
tourism, rural tourism, culture tourism, community tourism and wildlife tour-
ism. (Pan et al., 2018).  



(11)Sustainability refers to “avoidance of the depletion of natural resources in or-
 der to maintain an ecological balance” (Oxford Living Dictionaries, 2019). Sus-
 tainable development refers to development where today’s needs are met in a 
 way  that  does  not  compromise  the  ability  of  future  generations  to  meet  their 
 needs (Dao,  Langella,  &  Carbo,  2011).  A  triple  bottom  line  perspective  on  sus-
 tainability  includes  three  elements:  the  natural  environment,  society  and  eco-
 nomic  performance.  Sustainability  and  sustainable  development  are  not  truly 
 effective if  one  concentrates  only  on  a  single  actor.  For  example,  if  a  company 
 aspires  to  the  truly  sustainable, its  supply  chains  and  other  stakeholders  must 
 also operate in a sustainable manner. (Dao et al., 2011.) 


Smart  tourism  contains  all  tourism  related  activities  that  are  informed,  sup-
 ported  and  completed  by  smart  technology  (Gretzel,  Sigala,  et  al.,  2015).  The 
 term “smart tourism” appears in research to subscribe the adoption of ICT into 
 the  tourism  field.  The  definition  of  smart  tourism  varies  across  the  world  but 
 the current definitions share many fundamental aspects. Li et al. (2017) describe 
 smart tourism as the use of new technologies on portable devices via the Inter-
 net to achieve information about tourist resources, tourist economy, actives, etc. 


The  new  technologies  listed  as  an  example  are  cloud  computing,  networking 
 and  big  data.  One  core  purpose  of  smart  tourism  is  collecting,  processing  and 
 exchanging  tourism  related  data.  The  data  is  derived  from  tourists,  physical 
 infrastructure,  organizational  sources  and  social  connectedness  (Put-Van  Den 
 Beemt & Smith, n.d.). The gathered data enables companies and service provid-
 ers  to  personalize  tourism  services.  (Buhalis  &  Amaranggana,  2015;  Gretzel, 
 Sigala, et  al.,  2015.)  The  personalization  of  tourism  services  is  said  to  improve 
 the  quality  of  services  and  the  tourists’  satisfaction  (Buhalis  &  Amaranggana, 
 2015; Gretzel, Sigala, et al., 2015; Li et al., 2017a).  


Gretzel, Sigala, et al. (2015) suggest that smart tourism can be sectioned in-
 to  three  components  that are  supported  by  ICT. These  components  are  “smart 
 experience”, “smart business ecosystem” and “smart destination”. In addition, 
 there  are  three  smart  layers  that  span  these  components:  an  information  layer 
 for collecting data, an exchange layer that supports interconnectivity and a pro-
 cessing  layer  where  the  gathered  data  is  analyzed,  visualized  and  integrated. 


The components and layers of smart tourism are presented in  
  (modified from the original by Gretzel, Sigala, et al. (2015)).  


Figure 1. Components and layers of smart tourism (Gretzel, Sigala, et al., 2015)



(12)Smart  experience  refers  to  the  technologically  enhanced  tourism  experiences 
 that are created through personalization, context awareness and monitoring or 
 data gathering (Buhalis & Amaranggana, 2015; Gretzel, Sigala, et al., 2015). The 
 tourists are active participants in the creation of the smart experience: in addi-
 tion to consuming, they create and enhance the data that is used as the basis of 
 the  experience  by  uploading  pictures  on  social  media,  adding  restaurants  on 
 Google Maps, by writing reviews on services etc. The tourists are not only con-
 sumers, but also active participants in the value co-creation process.  


The smart business ecosystem is “a complex business ecosystem that cre-
 ates and supports the exchange of touristic resources and the co-creation of the 
 tourism experience” (Gretzel, Sigala, et al., 2015). In the smart business ecosys-
 tem  the  stakeholders  are  dynamically  interconnected,  the  core  business  pro-
 cesses are digitalized and the organizations are agile. Buhalis & Amaranggana 
 (2013) suggest that unusual amount of public-private collaboration is distinct in 
 these  ecosystems.  In  addition,  since  the  tourist  are  value  co-creators  in  these 
 ecosystems, they can take on business or governance roles.  


Smart  destinations  are  special  cases  of  smart  cities.  They  are  innovative 
 tourist  destinations  that  have  a  technologically  advanced  infrastructure  that 
 ensures the sustainable development of tourist areas. The smart destination and 
 its surroundings interact with the visitor through ICT while gathering data on 
 multitude of subjects. The factor that separates smart destinations from “tradi-
 tional” destinations is the integration of ICT into the physical infrastructure of 
 the  destination.  Smart  destinations  and  their  characteristics  are  presented  in 
 more detail in chapter 2.3.  


Smart tourism uses smart technology to create, manage and to deliver in-
 telligent  touristic  services  through  information  sharing  and  value  co-creation 
 (Gretzel, Werthner, Koo, & Lamsfus, 2015).  People are connected with technol-
 ogy  and  create  financial,  social  and  environmental  affluence  collaboratively 
 (Boes et al., 2016). Economic and environmental sustainability are essential fac-
 tors  in  smart  tourism  and  are  important  for  the  viability  of  the  smart  tourism 
 ecosystem  (Boes  et  al.,  2016;  Buhalis  &  Amaranggana,  2015;  Gretzel,  Sigala,  et 
 al.,  2015).  According  to  Gretzel,  Sigala,  et  al.  (2015)  smart  tourism  results  in 


“convenient, safe, exciting and sustainable living spaces for both residents and 
 tourist”.  In  short,  the  goal  of  smart  tourism  is  to  offer  enhances,  high-value, 
 meaningful  and  sustainable  tourism  experiences  via  a  “digital  ecosystem  that 
 provides technological resources and facilitates interactions within species and 
 among species” (Gretzel, Werthner, et al., 2015).  


From  the  tourist’s  perspective,  smart  tourism  covers  all  the  travel  related 
activities that he/she does on his/her own portable device through various ap-
plications or programs over the Internet. This might involve booking flights and 
accommodation, using Uber, Airbnb or TripAdvisor, ordering different services, 
using a map application for navigation, making social media posts and writing 
and reading reviews on hotels, restaurants and museums. These are all tourism 
related activities that are supported by technology. Data gathering enables the 
service  providers  to  personalize  the  offered  services.  For  the  tourist,  this  may 



(13)appear,  for  example,  as  offered  choices  that  resemble  his/her  earlier  choices. 


Smart  tourism  also  covers  many  of  the  services  and  shared  content  that  the 
 tourist consumes in different destinations. Offers, services and information can 
 be shared directly to the tourist’s own device based on the location of the tourist.  


The  technology  network  supporting  smart  tourism  consists  of  many  dif-
 ferent technologies, such as platforms and media, support services, travel tech-
 nology and data companies, applications and websites and other technological 
 components such as sensors, processors and software (Gretzel, Werthner, et al., 
 2015; Koo, Gretzel, Hunter, & Chung, 2015). In addition to the complex techno-
 logical  network,  the  smart  tourism  ecosystem  relies  on  the  residential  infra-
 structure of the destination (Gretzel, Sigala, et al., 2015). 


All in all, the concept of smart tourism is a combination of physical attrib-
 utes,  technology,  networks,  services,  companies  and  human  interaction.  The 
 principles  of  smart  tourism  are  enhancing  tourism  experiences,  improving  the 
 efficiency  of  resource  management  and  increasing  the  destination’s  competi-
 tiveness with sustainable manner (Gretzel, Sigala, et al., 2015; Gretzel, Zhong, & 


Koo, 2016; Put-Van Den Beemt & Smith, n.d.). Since the developments and in-
 novations in the field of ICT were adopted in the tourism industry, smart tour-
 ism  is  a  rational  progression  from  traditional  tourism  (Gretzel,  Sigala,  et  al., 
 2015) and can be considered as an advanced form of tourism (Li et al., 2017a). 


2.2 Technological foundations of Smart Tourism 


Smart tourism is dependent upon tourists and therefore, smart tourism is pre-
 sent  in  the  locations  where  tourists  go.  These  smart  tourism  destinations  are 
 very often cities of different sizes. Since smart tourism destinations (more thor-
 oughly addressed in chapter 2.3) are one form of smart cities, the technological 
 foundation of smart tourism is based on the same technologies that are used in 
 smart  cities.  In  a  smart  tourism  setting,  technologies  and  information  systems 
 that  supply  tourists  and  service  providers  with  relevant  information  are  a  key 
 component.  These  smart  information  systems  include  for  example  decision 
 support  systems,  recommender  systems,  independent  agents  searching  and 
 mining  Internet  sources,  ambient  intelligence  and  also  systems  that  produce 
 augmented realities (Gretzel, Sigala, et al., 2015). All these smart systems have 
 three important purposes. First, they aim to anticipate user needs and to make 
 intelligent  suggestions  and  recommendations.  Second,  they  are  meant  to  en-
 hance the tourists’ experience at the site by providing rich information and per-
 sonalized, interactive services. Third, they are meant to enable tourists to share 
 their experiences on social networks which might guide others in making their 
 travel decisions. (Gretzel, Sigala, et al., 2015.)  


In smart tourism, technology is seen as an interconnected infrastructure of 
 information  systems,  computing  technologies,  hardware,  software,  advanced 
 analytics and network technologies (Gretzel, Sigala, et al., 2015; Li, Hu, Huang, 


&  Duan,  2017b;  Su  et  al.,  2015).  Mobile devices,  since  they  accompany  tourists 



(14)everywhere, are a very important part of the smart tourism technology network 
 (Gretzel, Sigala, et al., 2015), as are other technological innovations that support 
 mobile  access,  such  as  Cloud  Computing  and  End-User  Internet  Service  Sys-
 tems  (Buhalis  &  Amaranggana,  2013;  Gretzel,  Sigala,  et  al.,  2015).  The  Cloud 
 Computing  services  provide  an  easy  way  to  access  web  platforms  and  data 
 storages through networks, and the End-User Internet Service Systems are vari-
 ous  applications  that  are  supported  by  Could  Computing  and  IoT  (Buhalis  & 


Amaranggana, 2013). 


The integration of ICT into the physical infrastructure is one characteristic 
 of smart tourism and its destinations. This can be manifested by sensors, iBea-
 con  technology,  IoT,  QR  codes  and  Near  Field  Communication  (NFC)  tags 
 (Buhalis & Amaranggana, 2013; Gretzel, Sigala, et al., 2015; Harrison et al., 2010). 


Sensors  can  be  used  for  many  purposes:  they  can  measure  water  and  air  tem-
 peratures, they can perceive the amount of people at a location or an event for 
 security  purposes  and  they  can  also  be  used  for  traffic  monitoring  (Buhalis  & 


Amaranggana,  2015).  The  data  gathered by  the  sensors  is  processed  into  accu-
 rate,  real-time  and  meaningful  information  which  is  then  provided  to  the  ser-
 vice  providers,  tourists  and  locals  through different  systems  and  end-user  ser-
 vices (Buhalis & Amaranggana, 2013).  


Internet of Things (IoT) has a high potential in tourism services. The basic 
 idea of IoT is objects that are able to communicate and cooperate with other ob-
 jects to achieve common goals. The objects are connected to the Internet bring-
 ing the real world and the digital world together. Therefore, IoT “creates plat-
 forms that are able to transmit range types of data using a participatory sensing 
 system”.  (Gretzel,  Sigala,  et  al.,  2015.)  According  to  Gretel,  Sigala,  et  al.  (2015) 
 the full potential of IoT is yet to be realized in tourism services but in the future 
 the emergence of IoT will cause a shift towards always responsive and person-
 alized services. 


All these technological developments have enabled the collection, transfer 
 and analysis of a large amount of data. Open Data and the data gathered from 
 sensors, city elements, organizations, citizens and visitors provide real-time in-
 formation  that  can  be  used  for  many  purposes.  Large  data  sets  known  as  Big 
 Data can be analyzed and then used for offering personalized services, that are 
 customized to the user’s preference at the right time (Buhalis & Amaranggana, 
 2015).  The  technological  foundation  of  smart  tourism  is  multidimensional  and 
 supports interaction with the physical environment and the community. 


2.3 Smart Tourism Destinations 


In this chapter, Smart Tourism Destinations (later referred to as smart destina-
tions)  are  presented.  The  characteristics  of  smart  destinations  are  reviewed, 
some  examples  of  current  smart  destinations  are introduced  and  then,  conclu-
sions about the development of smart destinations are presented.  



(15)2.3.1 Smart Destination characteristics 


Smart destinations are special cases of smart cities that aim to enhance mobility 
 (Gretzel,  Sigala,  et  al.,  2015),  the  overall  tourism  experience,  improve  the  effi-
 ciency  of  resource  management,  maximize  the  destination’s  competitiveness 
 and  customers’  satisfaction  while  also  establishing  sustainability  (Buhalis  & 


Amaranggana,  2013;  Gretzel,  Sigala,  et  al.,  2015).  Smart  destination  uses  to  its 
 advantage the embedded technology, responsive processes at micro and macro 
 levels,  portable  end-user devices  and  dynamically interconnected stakeholders 
 that are engaged in using the platform. In smart destinations, ICT is used to co-
 ordinate all services and activities resulting in citizens and visitors that are well-
 informed,  continuously  connected  and  engaged.  (Buhalis  &  Amaranggana, 
 2013.)  


The key aspect of smart destinations is the integration of technology into 
 the  destination’s  infrastructure  (Boes,  Buhalis,  &  Inversini,  2015;  Buhalis  & 


Amaranggana,  2013;  Gretzel,  Sigala,  et  al.,  2015).  Since  the  technology  is  em-
 bedded on all organizations and entities, destinations exploit the synergies be-
 tween the sensing technology and their social components to support the tour-
 ism  experiences  and  to  enrich  them.  The  aim  is  to  meet  the  tourists’  needs be-
 fore, during and after the visit with personalized and relevant services. (Buhalis 


&  Amaranggana,  2013.)  This  is  claimed  to  improve  the  destination’s  competi-
 tiveness  (Boes  et  al.,  2015;  Buhalis  &  Amaranggana,  2013;  Chiappa  &  Baggio, 
 2015; Wang, Li, & Li, 2013). The embedded technology and the following syner-
 gizing  of  different  components  of  the  destination  also  improves  the  quality  of 
 life  of  the  citizens  (Boes  et  al.,  2015;  Buhalis  &  Amaranggana,  2013;  Gretzel, 
 Sigala, et al., 2015), allows optimization of energy use and better traffic monitor-
 ing and control (Buhalis & Amaranggana, 2013). Smart destinations use a varie-
 ty of technologies which are presented in more detail in chapter 2.2. 


2.3.2 Examples of Smart Destinations 


At the moment, there are countless smart destinations in the world as the smart 
 tourism concept has spread globally. Some of these smart destinations and their 
 smart tourism applications are presented here.  


China  has  a  smart  tourism  destination  initiative  by  which  they  endeavor 
 to  transform  their  tourism  destinations  smart.  They  strive  to  integrate  infor-
 mation on tourist activities, the state of tourism resources and the consumption 
 of  tourism  products  and  then  provide  this  information  to  companies,  tourists 
 and organizations. The information is shared by using different end-user devic-
 es to transform the tourism experience, change marketing strategies and to im-
 prove  competitiveness.  (Wang  et  al.,  2013.)  According  to  Wang  et  al.  (2013) 
 around  33  cities  had  participated  in  the  initiative  at  the  time  their  study  was 
 released. In the city of Sanya, IoT has been applied to tourism scenic spots. The 
 entrance  tickets  contain  RFID  reader  chips  which  enable  tracking  the  tourists’ 


location  and  their  consumption  habits.  With this,  location-based  advertising  is 



(16)possible. The system is also used for controlling the number of visitors on herit-
 age  sights  to  protect  them  from  the  negative  impacts  of  overuse.  The  carrying 
 capacity of the site is monitored by sensors that measure air quality, the amount 
 of  people  and  the  consumption  of  energy.  The  system  automatically  also  im-
 plements pricing strategies that affects the allowed visitor amount. (Wang et al., 
 2013.) 


In  the  city  of  Nanjing,  China,  a  mobile  application  provides  information 
 on attractions and services based on location tracking. These services recognize 
 where  the  tourists  are  and  offer  them  information  about  their  surrounding  at-
 tractions  and  other  things  such  as  coupon information  from  stores  and  restau-
 rants. The application is connected to “Sina Weibo” which is a platform compa-
 rable  to  Twitter  where  tourist  can  share  their  experiences,  stories  and  tips  to 
 other visitors in the same region. (Wang et al., 2013.) 


The city of Natal, Brazil, hosted FIFA World Cup in 2014 which created a 
 massive pressure on the city’s infrastructure and services. The city prepared for 
 this  pressure  by  creating  an  initiative  with  a  local  university  to  transform  the 
 city into a smart tourism destination. They aimed to enhance the tourism expe-
 rience  through  software  programs  that  were designed  to  utilize  the infrastruc-
 ture  mechanisms  of  the  city.  Their  tourism  application  Find  Natal  “provides 
 technologies to collect, process, share, store and analyze a vast amount of data 
 coming from multipart sensing sources in order to turn data into powerful in-
 sights”.  (Cacho  et  al.,  2015.)  Find  Natal  has  3  components:  a  mobile  tourist 
 guide  application,  a  Tourism  Information  System  and  a  business  intelligence 
 infrastructure.  The  tourist  guide  application  provides  tourist  information  and 
 collects data on tourists and their movements. The application sends the data to 
 the  Tourist  Information  System  by  using  a  cloud-based  solution.  The  business 
 intelligence infrastructure uses “spatiotemporal data mining methods to extract 
 useful information out of the moving tourists’ data”. The information that this 
 component  offers  helps  to  plan  traffic and  public  mobility  and  to  detect  prob-
 lems that come with the movement behavior. (Cacho et al., 2015.) 


The  European  Union  also  pursues  smart  urban  growth  and  ICT-driven 
 development (Caragliu, del Bo, & Nijkamp, 2011). In Spain, Barcelona has inter-
 active  bus  shelters  that  provide  tourist  information,  buss  timetables  and  ports 
 for  charging  devices.  Barcelona  offers  additionally  environmentally  friendly 
 transportation: they have bicycles available around the city and visitors can lo-
 cate  them  through  a  smartphone  application.  (Gretzel,  Sigala,  et  al.,  2015.) 
 Stockholm,  Sweden,  uses  sensors  around  the  city  to  gather  real-time  data  and 
 uses it to offer accurate city information on different end-user devices (Buhalis 


&  Amaranggana,  2013).  In  the  Netherlands,  Amsterdam  Arena  (a  football  sta-
dium) is testing sensors for crowd management. There are also good examples 
outside  of  EU: Brisbane,  Australia,  uses  beacons  installed  onto  attractions  and 
other points of interest that communicate information to visitors when they ap-
proach  them  and  Seoul,  Korea,  aims  to  offer  free  wi-fi  and  smart  phones  to 
tourists. (Gretzel, Sigala, et al., 2015.)  



(17)Last  but  not  least,  Helsinki,  Finland,  won  the  EU’s  inaugural  European 
 Capital of Smart Tourism competition for 2019. Helsinki has ambitious goals: in 
 2013 they set out to be the “world’s leading testbed for innovation”. They have 
 co-innovation platforms such as Maria 01 (the largest start-up community in the 
 Nordic area) and Smart Mobility Lab which has the world’s first trials of auton-
 omous  buses.  Helsinki is  also a  good  example  of  an  open  data  city:  the  public 
 information is made available for the private sector which has resulted in new 
 digital practices, transparency in public administration and new tourism prod-
 ucts.  The  open  data  offers  hundreds  of  datasets,  long-term  statistics,  real-time 
 traffic information and location data. (Helsinki, 2018.) In addition to these smart 
 destination  characteristics,  Helsinki  concentrates  considerably  on  sustainable 
 development. The city of Helsinki plans to achieve carbon neutrality by the year 
 2035 by focusing on a carbon-neutral mobility system. (Helsinki, 2018b.) 


2.3.3 The development of Smart Tourism Destinations 


Tourism destination is an area selected by tourists that offers them all the neces-
 sary  amenities  such  as restaurant  services,  accommodation  and  entertainment. 


Tourism destinations can be described as a mixture of tourist products and ser-
 vices  that  are  offered  to  the  tourists  as  an  integrated  experience.  (Buhalis  & 


Amaranggana, 2013.) According to Buhalis & Amaranggana (2013) a successful 
 tourism  destination  consists  of  6  things  referred  to  as  6  A’s,  which  are  attrac-
 tions,  accessibility,  amenities,  available  packages,  activities  and  ancillary  ser-
 vices. Attractions can be natural (mountains, lakes, rice fields), artificial (theme 
 parks, theme villages) or cultural (music festivals, events). By accessibility, they 
 mean all the transport systems, roads and routes, terminals, airports and public 
 transportation. Amenities are all the services that help to facilitate a nice and a 
 convenient stay, for example restaurant services, leisure activities such as spas 
 and golf  courts  and  accommodation.  Available  packages  mean  all  the  possible 
 service bundles that are available for the tourist. Activities include every activi-
 ty  available  in  the  tourist  destination  and  ancillary  services  are  daily  services 
 that are not primarily targeted for the visitors but exist in the destination such 
 as  bank  services,  postal  services  and  hospital  and  health  care.  Creating  and 
 maintaining  these  6  A’s  is  very  important  in  the  tourism  destination  develop-
 ment since the tourism industry is highly competitive. Now that the technologi-
 cal  development  is  pushing  destinations  towards  interconnectivity,  value  co-
 creation and smartness, maintaining only these 6 A’s is not sufficient anymore.  


The  foundations  for  smart  cities  and  therefore  for  smart  destinations  are 
 that they are instrumented, interconnected and intelligent (Harrison et al., 2010). 


The  destinations  must  be  instrumented  so  that  they  have  the  ability  to  collect 
and  integrate  real-world  data  by  using  many  kinds  of  equipment  such  as  sen-
sors,  meters,  personal  devices,  security  cameras,  implanted  devices,  the  web 
and  other  similar  data-acquisition  systems. These  instruments  can  measure  al-
most  anything:  pressure,  flow,  temperature, and  also  different  IT  systems  and 
their diagnostics. The gathered data describes not only the measured aspects of 



(18)the physical systems, but also the virtual systems of the destination. The desti-
 nations are interconnected: the data gathered by instrumentation is “integrated 
 throughout  an  end-to-end  process,  system,  organization,  industry  or  value 
 chain” (Harrison et al., 2010). And lastly, the destination must be intelligent: the 
 interconnected  information  is  analyzed,  and  it  brings  forth  new  insights  that 
 guide decision making and actions that improve process outcomes. These out-
 comes must bring added value by changing the user’s experience or the ecosys-
 tem. (Harrison et al., 2010.) 


According  to  Boes  et  al.  (2016)  hard  smartness  and  soft  smartness  are 
 needed to create a smart destination. Hard smartness is ICT, or the presence of 
 technology  and  soft  smartness  can  be  divided  into  4  components:  innovation, 
 social capital, human capital and leadership. They state that the presence of soft 
 smartness is essential since the mere integration of technology will not suffice in 
 creating a smart destination. Their proposition is supported by earlier results of 
 Ritchie  &  Crouch  (2005),  who  suggest  that  human  resources  and  innovation 
 together with local and regional collaboration are important in the development 
 of a tourism destination (Boes et al., 2015).  


Boes  et  al.  (2016)  state  that  innovation  drives  smartness  and  smartness 
 drives  innovation.  Innovation  in  a  destination  can  be  encouraged  by  creating 


“Living  Labs”  which  are  innovative  and  experimental  user-centric  ecosystems 
 where the newest research and innovation processes are utilized collaboratively 
 to  develop  new  innovations,  products,  services  and  solutions.  Current  Living 
 Labs  tackle  such  issues  as  green  energy,  urban  planning  and  sustainable  prac-
 tices.  Public-private-people  partnership  is  common  in  Living  Labs  and  many 
 researchers  have  stated  that  including  local  community,  public  sector  and  the 
 private sector within the innovation process fosters efficiency, supports creativi-
 ty and improves the quality of life for residents and tourists. (Boes et al., 2015, 
 2016, Buhalis & Amaranggana, 2013, 2015.) 


Social  capital  includes  the  different  networks  between  people,  organiza-
 tions and communities and the shared values, norms and cooperation between 
 them.  Smart  cities  should  encourage  the  collaboration  between  the  5P’s:  “pub-
 lic-private-professor-people  partnerships”.  Collaboration,  co-creation  and  co-
 development are fundamental for the success of a smart destination since indi-
 vidual  competition  has  negative  effects  on  the  long-term  development  of  the 
 destination. (Boes et al., 2016.) 


Human capital consists of knowledge, skills and competencies that aid the 
 creation of innovative developments and well-being. Human capital is essential 
 in  smart  places  and is  the  core  of  value  creation,  competitiveness  and  innova-
 tion.  The  places  with  high  human  capital  have  a  common  factor:  an  effective 
 educational  system.  Well-educated,  creative  and  knowledgeable  people  facili-
 tate the success of smartness. (Boes et al., 2016.) 


According to Boes et al. (2016), the chosen leadership approach has an in-
fluence on whether or not the adoption of technology induces smartness. Alter-
native  and  supporting  leadership  style  choices  are  needed  to  take  full  ad-
vantage of smartness. The administration and leaders should have a supporting 



(19)role that encourages companies and the public to open data use and collabora-
 tion  in  the  destination (Boes  et  al.,  2015;  Buhalis  &  Amaranggana,  2013,  2015). 


Strong  determination  to  deliver  smartness  is  needed.  This  alternative  and  dy-
 namic leadership covers governance, policies, regulations and laws.  


Building a smart tourism destination is a complex endeavor: in addition to 
 attending  to  the  before  mentioned  6 A’s,  one  must  focus  on  creating  a  prolific 
 environment applying dynamic leadership, where human capital, social capital 
 and innovation are encouraged to grow. This will improve not only the tourism 
 experiences and the tourism environment, but also the quality of life for the res-
 idents.  Creating  a  smart  tourism  destination  requires  inclusive  ecosystem  de-
 sign that takes all the actors in the region into consideration and includes them 
 in the destination development.  


2.4 The impacts of tourism 


Tourism is one of the largest industries in the world and the business volume of 
 tourism  has  surpassed  even  oil  exports,  food  products  and  automobiles  (UN-
 WTO,  2019b).  Tourism  is  a  viable  economic  strategy  (Harrill,  2004)  and  is  the 
 main source of income for many countries (Casagrandi & Rinaldi, 2002), espe-
 cially  for  developing  countries  (UNWTO,  2019b).  The  spread  of  tourism,  be  it 
 smart or traditional, has generated economic and employment benefits in many 
 sectors  but  it  has  also  brought  on  many  negative  impacts  and  phenomena. 


Tourism  generates  employment, income  and  tax  revenues  and brings  forth  re-
 gional development (Mckercher, 1993). But on the other hand, tourism uses ex-
 tensive  water  resources,  shapes  large  pieces  of  land  and  produces  a  great 
 amount of waste, litter and sewage (May, 1991) which have a substantial influ-
 ence  on  the  nature  of  the  tourism  destination  and  the  overall  environment.  In 
 this  chapter,  the  focus  is  mainly  on  the  negative  impacts  of  tourism.  The  im-
 pacts of tourism are divided into environmental impacts and sociocultural im-
 pacts.  


2.4.1 Environmental impacts 


Tourism is a considerable contributor to the global greenhouse gas emissions. It 
 has been estimated that the tourism sector and its activities account for 5.2-12.5% 


of  global  warming  potential. The  amount  of  emissions  is  caused  by  travel,  ac-
commodation and related activities. Aviation is the largest travel-based polluter 
contributing  as  much  as  40%to  CO2  emissions  of  all  tourist  transport. In  addi-
tion  to  generating  greenhouse  gas  emissions,  the  tourism  sector  uses  a  large 
amount of energy. Most energy is used in space heating or air conditioning and 
warming up water. (Pan et al., 2018). In Torremolinos, Spain, tourism accounts 
for  about  40%  of  the  total  electricity  consumption  (European  Environment 
Agency, 2015).  



(20)If  compared  globally,  the  amount  of  water  used  by  tourism  industry  is 
 small  compared  to  agriculture, industry  or domestic  use.  Nevertheless,  in  cer-
 tain areas, the water used by the tourism industry can be a large part of the total 
 water use of the area. (Pan et al., 2018.) This extensive water usage can be a hin-
 drance  to  the  local  population:  the  water  needed  by  the  local farmers  and  vil-
 lages  are  often  redirected  for  the  use  of  the  tourism  sector (Archer,  Cooper,  & 


Ruhanen,  2005).  The  water  is  used  in  golf  courses,  hotel  gardens,  swimming 
 pools,  spas  and  showers  (Pan  et  al.,  2018).  Research  also  shows  that  a  tourist 
 consumes 3 or 4 times more water per day than a local resident (European En-
 vironment Agency, 2015). 


The  tourism  sector  and  its  activities  generate  a  large  amount  of  waste. 


Several studies report increases in municipal solid waste during the tourist sea-
 sons (European Environment Agency, 2015). Archer et al. (2005) aptly describe 
 the waste accumulation of tourism:  


From one mountain alone in Great Britain during the summer months, almost a ton 
 of litter a day (mainly discarded lunch wrappings) is brought down from the summit, 
 whereas from the New Forest in Southern England approximately 25,000 empty bot-
 tles are retrieved each year. (Archer et al., 2005, p. 92) 


Even though waste management and waste utilization have been recognized as 
 industry challenges a long time ago, they are still topical and important issues. 


Inappropriate  waste  management  and  treatment  is  a  particular  problem  on 
 small  islands,  where  all  negative  effects  accumulate  more  quickly  (European 
 Environment  Agency,  2015).  Tourism  also  effects  the  quality  of  water  through 
 discharge  of  sewage  and  abstraction  of  freshwater.  Poor  wastewater  manage-
 ment can cause eutrophication of lakes and water pollution when, for example, 
 organic particles, chlorine loads and chemicals are discharged with sewage into 
 the rivers and seas. (Archer et al., 2005; Pan et al., 2018.)  


Large scale tourism brings about loss of biodiversity and habitat and land-
 scape  destruction  (Pan  et  al.,  2018).  The  building  of  beach  resorts  damages 
 coastal  wetlands,  large  forest  areas  are  cleared  for  tourist  resort  areas  and 
 marshlands  and  mangrove  swamps  have  been  drained  to  create  tourist docks. 


In  the  mountain  areas,  forests  have  been  cut  down  to  clear  way  for  ski  slopes 
 which has resulted in soil erosion, mud slips and flooding. (Archer et al., 2005.) 
 The  list  of  the  possible  damages  to  the  biodiversity  is  long:  damage  to  coral, 
 clouded water, reduced populations or even extinctions of species, noise pollu-
 tion (May, 1991), disruption of natural currents (Pan et al., 2018), destruction of 
 original  ecosystems  (Mckercher,  1993),  disturbed  wildlife  and  “alien  forms  of 
 plant life” introduced to ecosystems by visitors (Archer et al., 2005).  


Given  all  the  negative  effects  that  tourism  has  on  the  environment,  it  is 
clear that the tourism sector still has a large amount of crucial issues to resolve 
in  terms  of  sustainable  development.  Much  progress  has  been  made  in  recent 
decades, such as the development of efficient water purification and green elec-
tricity, but the journey towards environmental sustainability is still underway.  



(21)2.4.2 Sociocultural impacts 


Sociocultural impacts of tourism mean the impacts that tourism has on the local 
 population’s culture, heritage and society (Archer et al., 2005). The travel desti-
 nations  are  inhabited  by  people  and  this  local  population  (hosts)  might  have 
 different  values  in  their  style  of  work, dressing,  architecture  and  religion. The 
 hosts’ values and culture can be affected and modified by intensive tourist be-
 havior  when  the  guests’  values  and  culture  clash  with  the  ones  of  the  hosts. 


(May, 1991.) Some studied negative sociocultural impacts are alcoholism, drug 
 addiction,  crimes  (individual  and  organized),  openness  to  sex  and  congested 
 traffic conditions (King, Pizam, & Milman, 1993).  


Since  tourism  activity  is  mainly  motivated  by  the  cultural  heritage  of  a 
 specific area (Pan et al., 2018), cultural vulnerability is a major concern. Unique 
 heritages and cultural attributes are at risk when encountering tourism. In fact, 
 tourism  has  been  called  “the  pariah  that  destroys  host  societies  and  cultures” 


(Mckercher, 1993). Tourism usually increases the local traffic and causes traffic 
congestion,  increases  prices  on  land,  real-estate  and  products  in  the  area  and 
might  restrict  access  of  some  areas  where  the  local  people  used  to  live 
(Mckercher,  1993).  Thus,  in  addition  to  the  negative  environmental  impacts, 
tourism  entails  a  large  number  of  possible  impacts  that  threaten  the  destina-
tion’s culture, religions, attitudes and lifestyle.  
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3 GREEN INFORMATION TECHNOLOGY 


The global business environment is dynamic and changes rapidly which is why 
 firms must adapt, transform and respond at the same pace. Despite the econom-
 ic growth of last two decades there are still major concerns - natural resources 
 and  the  state  of  the  environment.  Corporate  responsibility  and  sustainability 
 are  important  forces  that  evoke  change  in  the  modern  business  environment. 


(Dao et al., 2011.) The modern agenda is to overcome environmental issues and 
 to adopt environmentally sound approaches, models and practices (Murugesan, 
 2008). 


This chapter focuses on explaining the field of green Information Technol-
 ogy, later referred to as green IT. First, the concept of green IT, its dimensions 
 and  directions  are  explained.  Then,  the  impacts  of  IT  on  the  environment  are 
 described.  Common  green  IT  practices  and  approaches  and  the  benefits  of 
 green IT on both the environment and to the organization are presented. Lastly, 
 the most recognized and used green IT frameworks are introduced.  


3.1 Green IT 


Green IT means information technology that is sustainable and environmentally 
 sound  (Jenkin,  Webster,  &  McShane,  2011;  Mingay,  2007;  Molla  et  al.,  2008; 


Murugesan, 2008). Its leading goal is to decrease the harmful effects on the en-
 vironment (Jenkin et al., 2011) with environmentally sustainable IT, IT applica-
 tions and practices (Murugesan & Gangadharan, 2012. p. 5). Molla et al. (2008) 
 offer an inclusive definition of green IT with specific examples: 


a holistic and systematic approach to address the challenges surrounding the IT in-
frastructure such as data center space and energy efficiency; IT’s contribution to re-
ducing the environmental impacts of business IT activities (such as through adopting 
green technologies), IT’s support for environmentally sustainable business practices 
(such as in enabling green supply chain management through carbon foot print mon-
itoring through building tools for energy management options) and IT’s role (such as 



(23)supplanting  high  CO2  emitting  business  practices)  in  the  low-carbon  economy 
 (Molla et al., 2008, p. 671).   


As suggested by Molla et al. (2008), green IT is a holistic approach that address-
 es  the  negative  environmental  impacts  caused  by  the  existence  and  use  of  IT 
 and  also  strives  towards  a  more  sustainable  world  by  developing  sustainable 
 business practices and tools that can be used in decreasing processes’ negative 
 impacts.  


According  to  Murugesan &  Gangadharan  (2012)  green  IT  can be divided 
 into  three  complementary  dimensions  which  are  IT  enabled  approaches  that 
 improve sustainability. These dimensions are:  


1.  Greening  IT  systems  and  usage  (direct):  designing,  manufacturing, 
 using and disposing technology, systems and software efficiently with 
 minimal impact on the environment. 


2.  Using IT to support environmental sustainability (indirect): supporting 
 and assisting enterprise-wide initiatives and processes with the use of 
 IT. 


3.  Using  IT  to  create  green  awareness:  using  IT  in  creating  green 
 awareness,  endorsing  green  agenda  and  promoting  green  initiatives 
 among stakeholders. 


These  three  dimensions  complement  each  other,  and  they  are  all  needed  to 
 achieve a sustainable economy. (Murugesan & Gangadharan, 2012, p. 5.) Green 
 IT can affect the environment directly by decreasing the negative impacts of IT 
 or  indirectly  when  technologies  or  information  systems  are  used  to  support 
 business  processes  and  initiatives  to  decrease  negative  environmental  effects 
 (Jenkin  et  al.,  2011).  The  indirect  effects  appear  trough  green  IT’s  effect  on 
 different  practices  such  as  supply  chain  management,  product  and  service 
 design,  enterprise  operations  and  resource  management  (Jenkin  et  al.,  2011; 


Mingay, 2007; Molla et al., 2008; Murugesan, 2008). IT can be used, for example, 
 in  creating  energy  efficient  buildings,  helping  decision  making  and  analyzing 
 and  making  business  operations  more  energy  efficient  (Murugesan  & 


Gangadharan, 2012. p. 7). 


The  indirect  effect  of  green  IT  is  remarkable:  in  the  enterprise  context, 
green IT can be defined as the optimal use of ICT to ensure the enterprise’s en-
vironmental  sustainability  within  its  operations,  supply  chains,  products,  ser-
vices and resources (Mingay, 2007). Since the majority of the world’s emissions 
come from non-technological sources, the use of IT in supporting business pro-
cesses  can  create  significant  energy  savings  and  notably  improve  the  overall 
environmental sustainability. In addition to the direct and indirect approaches, 
the  spread  of  green  awareness  can  generate  behavior  change  in  stakeholders 
and  consumers.  Favoring  green  vendors  and  green  suppliers,  disposing  of 
products  in  the  right  manner  and  decreasing  consumption  all  have  a  positive 
effect on the environment.  



(24)Along  with  the  three  dimensions  presented  above,  Murugesan  &  Gan-
 gadharan (2012) have composed a holistic approach to greening IT. If we want 
 to decrease the negative impacts of IT effectively and thoroughly, a holistic ap-
 proach is needed. They have gathered six complimentary directions for achiev-
 ing total environmental sustainability for IT, which are: 


1.  Green design 


2.  Green manufacturing 
 3.  Green use 


4.  Green disposal 


5.  Green standards and metrics 
 6.  Green IT strategies and policies  


Green  design  contains  designing  energy  efficient  and  environmentally  sound 
 equipment  and  components.  Green  manufacturing  strives  to  manufacture  dif-
 ferent  electronic  components  and  devices  with  minimal  effect  on  the  environ-
 ment.  Green  use  includes  the  reduction  of  energy  consumption  and  training 
 users  to  use  technology  in  an  environmentally  sustainable  manner.  Green  dis-
 posal involves recycling, reusing and remodeling IT equipment to extend their 
 life  span.  Green  standards  and  metrics  are  needed  for  measuring,  comparing 
 and benchmarking different sustainability related initiatives, products and ser-
 vices. And finally, green IT strategies and policies add focus on benefits when 
 they are aligned with business strategies and practices. Green IT strategies and 
 policies are key components in greening IT. (Murugesan & Gangadharan, 2012. 


p. 7.) 


Green  IT  tackles  many  concerns,  such  as  economic,  social  and  environ-
 mental concerns and functions as a strategic differentiator among firms (Molla 
 et  al.,  2008).  Green  IT  also  enables  other  green  initiatives  (Molla  et  al.,  2008), 
 strives  towards  economic  viability,  offers  improved  system  performance  and 
 encourages  total  cost  ownership  (Murugesan,  2008)  and  resource  efficiency 
 (Mingay,  2007;  Murugesan,  2008)  while  respecting  ethical  and  social  responsi-
 bilities  (Murugesan,  2008).  Green  IT  is  therefore  an  immense  opportunity  for 
 organizations  to  reduce  their  environmental  impact  and  carbon  footprint 
 (Mingay, 2007; Molla et al., 2008). Since IT has a role in every industry, the im-
 pact of green IT is presumably grand.   


3.1.1 IT and the environment 


Most people might not realize that the creation and use of information technol-
ogy  causes  environmental  problems.  According  to  Molla  et  al.  (2008)  ICT  ac-
counts for 2% of global CO2 emissions, which is equal to the amount caused by 
the  aviation industry.  Mishra,  Akman,  &  Mishra  (2014)  state  that  the IT  sector 
produced 1.3% of global greenhouse gas emissions and used 3.9% of all electric-
ity  in  2007.  The  use  of  Internet  accounts  for 10%  of  all  energy  consumption  in 
the  US  (Mishra  et  al.,  2014).  The  use  of  IT  and  information  systems  has  in-



(25)creased exponentially and the amount of energy they require is a large portion 
 of  firms’  and  businesses’  total  energy  costs  (Jenkin  et  al.,  2011).  According  to 
 Jenkin et al. (2011) more than 50% of this energy use is going to waste because 
 of “inefficient technologies, poorly designed systems, or uninformed behaviors” 


(Jenkin et al., 2011). Information technology’s lifecycle, meaning every stage of 
 the  equipment’s  life  from  design,  production  and  use  to  its  disposal,  produce 
 environmental issues (Mishra et al., 2014; Murugesan, 2008). The manufacturing 
 of IT consumes a massive amount of energy, raw materials, chemicals and wa-
 ter and produces hazardous or toxic waste. All of these increase carbon dioxide 
 emissions and impact heavily on the environment. (Murugesan, 2008.) 


Electricity  consumption  is  an  important  cause  of  climate  change.  If  the 
 electricity  used  is  created  from  coal  or  oil,  not  only  natural  resources  are  re-
 duced, but also carbon dioxide, sulfur and other pollutants are released into the 
 air.  These  emissions  have  many  negative  outputs  such  as  respiratory  disease, 
 smog,  acid  rains  and  climate  change.  The  total  energy  consumption  increases 
 steadily:  the  different  IT  equipment  (servers,  monitors,  computers,  data  com-
 munication  equipment,  cooling  systems  etc.)  need  electricity  and  energy  to 
 function. The increasing amount of energy consumption means also increasing 
 amounts  of  greenhouse  gasses.  (Murugesan,  2008.)  According  to  Murugesan 
 (2008) “each PC in use generates about a ton of carbon dioxide every year”.  


The  IT  equipment,  such  as  mobile  phones  and  computers,  batteries  and 
 monitors,  are  built  from  electronic  components  which  contain  toxic  materials. 


The  average  product  lifecycle  is  not  long:  people  dispose  their  computers  and 
 other electronics 2-3 years from purchase and upgrade them for newer models. 


Most of these abandoned devices end up in landfills which causes pollution of 
 earth  and  contamination  of  water.  (Murugesan,  2008.)  In  Australia,  over  “1.6 
 million  computers  are  dumped  in  landfills  each  year  and  e-waste  is  growing 
 faster than general municipal waste” (Mishra et al., 2014).  


The number of computers and other electronic devices is bigger than ever 
 and  is  still  increasing,  and  the  devices  are  replaced  frequently  (Murugesan, 
 2008). This causes the environmental impact of IT to be a major concern. IT arti-
 facts have relatively short lifespans: laptops endure 3-4 years and networks 5-7 
 years. Electronic waste is one of the fastest growing waste and simultaneously 
 companies and people are replacing their still working devices for newer ones. 


One can say that the development of IT entails overuse of scarce resources and 
 increased power consumption. (Mishra et al., 2014.) 


IT has significant negative effects on the environment. This is why the IT 
 industry, its organizations and individuals should strive to create IT that is en-
 vironmentally friendly through its lifecycle, from creation to disposal or reuse. 


Green IT offers solutions on how to decrease or to eliminate these negative en-
vironmental effects of IT. Some of these green IT practices and approaches are 
presented in the following chapter.  



(26)3.1.2 Green IT practices and approaches 


The  negative  environmental  impacts  of  information  technology  presented  in 
 chapter  3.1.1  can  be  reduced  in  many  ways.  This  chapter  introduces  some  of 
 these  green  practices  and  approaches  that  are  used  in  reducing  IT’s  environ-
 mental impact. This chapter also includes some examples of how IT can be used 
 to decrease the negative environmental impacts of organizational activities.  


Minimizing  energy  consumption  is  a  key  objective  for  green  IT,  since  re-
 ducing energy consumption reduces greenhouse gas emissions. The equipment 
 that  consume  the  most  energy  for  no  reason  are  personal  computers  –  PCs. 


Most PCs are left running even when not in use which is a clear waste of elec-
 tricity. Computers and other devices generate heat when their power is on and 
 the  devices  require  cooling  systems  to  prevent  overheating.  Cooling  systems 
 need  electricity  which  increases  the  device’s  power  consumption.  The  more 
 electricity  is  used,  the  more  costs  accumulate  for  the  firm.  (Murugesan,  2008.) 
 Although  the  energy  savings  from  a  computer  might  seem  unimportant  and 
 small, the combined savings from all the computers used are plentiful.  


To  decrease  the  energy  consumption  of  PCs,  firms  must  make  small  or-
 ganizational changes on how they use computers (Molla et al., 2008; Murugesan, 
 2008). These energy efficient computer habits include enabling the power man-
 agement  features  of  devices,  turning  the  system  off  when  not  in  use,  using 
 screensavers  and  using  thin  client  computers  (Murugesan,  2008).  PCs  can  be 
 programmed  to  switch  to  energy  saving  mode  automatically  when  not  in  use 
 which  has  a  surprisingly  large  effect:  the  sleep  mode  reduces  the  total  energy 
 usage of PCs by 60-70% (Murugesan, 2008). Turning off the system seems to be 
 the  easiest way  to  save  energy but  regardless,  many  people do  not do  this be-
 cause they want to save time. Thin-client computers are lightweight computers 
 that  are  optimized  establishing  a  remote  connection  with  a  server-based  com-
 puting  environment.  They  consume  about  a  fifth  of  the  power  of  a  PC 
 (Murugesan,  2008). These  computer  habits  can  be  easily  adopted  but  they will 
 not  become  a  reality  if  the  people  using  PCs  are  not  willingly  involved  in  the 
 energy saving agenda. For the adoption to be successful, the firms must educate 
 their employees on sustainability and computer use.  


The fast spreading of the Internet has caused rapid growth of data centers. 


Data centers are spaces that are dedicated to housing computer systems, servers 
and  associated  components.  Firms  are  continuously  expanding  their  capacity 
and installing more servers. The server models used nowadays consume more 
energy than older models and the aggregate amount of electricity used by serv-
ers  “doubled  between  2000  and  2005,  most  of  which  came  from  businesses  in-
stalling large numbers of new servers” (Murugesan, 2008). The price of energy 
has inflated globally which increases the costs of data centers. Murugesan (2008) 
states  that  the  availability  of  electrical  power  is  a  critical  issue  for  data  center 
development.  Data  centers’  efficiency  can  be  improved  by  energy  efficient 
equipment,  improved  airflow  management  for  cooling,  energy  management 
software and eco-friendly data center design. A very efficient mean to improve 



(27)a  data  center’s  efficiency  is  to  switch  to  liquid  cooling,  since  it  is  remarkably 
 more efficient than air cooling. In spite of this fact, professionals are still reluc-
 tant to use liquid cooling which might be because of its complexity. (Murugesan, 
 2008.) 


Energy costs are about 30% of a data center’s total operating expenses and 
 a large amount of it is used for cooling. To reduce the energy usage (and total 
 expenses) data centers should have cooling technologies that are more efficient, 
 for example liquid. In addition, they should have high-density servers that use 
 hydrogen  fuel  cells  for  power  and  apply  virtualization  technologies.  This  re-
 duces  the  total  power  consumption  of  servers  and  the  heat  produced. 


(Murugesan,  2008.)  Virtualization  of  servers  means  that  there  is  one  physical 
 server that hosts many virtual servers. Hosting multiple virtual servers on few-
 er but more powerful servers saves a large amount of energy and simplifies the 
 data center. It also “reduces data center floor space, makes better use of compu-
 ting power and reduces the data center’s energy demands” (Murugesan, 2008). 


Designing of a data center has a large impact on the energy usage. Accord-
 ing  to  Murugesan  (2008)  “eco-friendly  data  center  designs  use  synthetic  white 
 rubber  roof,  paint,  and  carpet  that  contain  a  low  volatile  organic  compound 
 (VOC), counters made from recycled material, energy efficient mechanical and 
 electrical  systems”  (Murugesan,  2008). Natural  sources  such  as light  and  wind 
 can  be  used  for  energy  –  a  data  center  might  have its  own  solar  panels.  Many 
 firms have adopted LEED standards (Leadership in Energy and Environmental 
 Design) that concentrate on five key areas: sustainable site development, water 
 saving, energy efficiency, materials selection and indoor environmental quality. 


Green design also encourages using non-toxic materials that consume less ener-
 gy. (Murugesan, 2008.)  


IT  can  be  used  to  support  and  assist  other  initiatives  to  achieve  environ-
 mental  sustainability.  IT  can  offer  “innovative  modeling,  simulation  and  deci-
 sion support tools” (Murugesan, 2008). Different software tools can be used for 
 analyzing  and  modeling different  environmental  impacts  and  effects.  Simulat-
 ing effects is also possible with IT, which is why these tools are great for envi-
 ronmental  risk  management.  IT  is  used  for  auditing  energy  consumption  and 
 observing  the  amount  of  greenhouse  gas  emissions.  Different  environmental 
 knowledge management systems such as geographic information systems allow 
 enterprises  to  capture,  store,  manipulate  and  present  environmental  data. 


(Murugesan,  2008)  These  systems  are  used for  engineering,  planning, logistics 
 and  business (Maliene,  Grigonis,  Palevičius,  &  Griffiths,  2011).  The  analyzed 
 data  offer  firms  environmental  knowledge  in  decision  making  and  supports 
 sustainable decisions.  


Many technology companies have environmental strategies. For example, 
 Dell  has  a  “Zero  Carbon  Initiative”  that  strives  to  maximize  Dell’s  products’ 


energy  efficiency  and  plans  to  compensate  their  carbon  impact.  They  require 
 their suppliers to report their greenhouse gas emissions publicly. (Mingay, 2007; 


Murugesan, 2008.) In addition to the practices mentioned before, the literature 
mentions  reusing,  refurbishing  and  recycling  old  devices  (Murugesan,  2008), 
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