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ABSTRACT

Over the last decades, in both global and pan-European levels, there has been an
unprecedented increase in the interest regarding the unwanted greenhouse gas emissions due
to their harmful nature. Energy has always been an indispensable commodity for humanity, but
the face of the energy field is changing drastically through the decades. The modern lifestyle
leads to increased energy consumption, which is tending growing up year after year. This has
been translated into innovative changes in the field of energy demand management, building
eco-design, renewable energy sources best integration and improvement of
production/commercial processes with ulterior motive a better environmental and energy
footprint. The following Master Thesis was conducted with the purpose to investigate the
ecological and the energy profile as a natural follow-up of a company operating in North
Germany. For a better and in-depth research process, the qualitative approach has been
selected, and related data were collected from this type of company. More specifically, this
research was based on policies, practices and common accepted strategies to ensure the
enhancement of business profile. The survey findings revealed that the initial expectations of
discovering energy leakages and improvement opportunities in the company were true and as a
result, have sparked off new ideas and possible actions. For that reason, three distinct scenarios
were analysed, each offering at a different level an upgrade of environmental (less CO2
pollution), financial (corporate income increase) and energy (lower electrical and thermal
needs) profile of the enterprise. The value of this study lies in the fact that our research results
contribute to the knowledge of the people associated with energy consumption management

and, in addition, is optative to be useful either to small or large scale users or other researchers.

Keywords: Carbon dioxide, Sustainable Consumption & Production, Greenhouse Gas,
Renewable Energy Sources, Energy Management System, Cost Benefits Analysis, United Nations
Framework Convention on Climate Change, Energy Performance, Eco-design, Carbon footprint,

Energy consumption, Energy Policies, Waste treatment, Raw material.



NEPINAHWH

T televtaieg dekaetieg, TO0O 0 MAYKOOULO OCO KAl O€ TMOVEUPWTAIKO eminedo, umnpée pla
AVEU TIPONYOUUEVOU aU&non Tou evOLadEPOVTOC YLO TG EKTIOUMEC OEPiwV TOU Beppokniou
Aoyw t™ng BAaPepng toug ¢duong. H evépyela ntav avékaBev amapaitnto ayabo yia tnv
avBpwnotnta, oAAd TO TPOCWTIO ToUu evepyelakoU mediou aAldlel Spactikd amd tn pia
dekaetio otnv AAAN. O clyxpovog Tpomog {wng odnyel oe auénuévn Katavalwaon evEpyeLag, n
orola TEIVEL VoL LEYOAWVEL XPOVO LLE TO XPOVO. AUTO £XeL HETADPACTEL OE KALVOTOUEG OANQYEG
oToV TopEa NG Slaxelplong EVEPYELOG, TOU OLKOAOYLKOU OXESLACUOU KTLPLWVY, TNV EVOWHATWON
TWV OVOVEWOLUWY TINYWV EVEPYELOG Kal TNG PeAtiwong twv TapoywyLlKwV/EUMOoPLKWY
SL0SKOOLWV E TIPWTAPXLKO KIvNTPO €va KAAUTEPO TEPLPAANOVTIKO KOl EVEPYELAKO OOTUTIW AL,
H okoAoubn peTamTuylakr epyocia mpoypatonow)Bnke He okomod tn Slepevvnon Tou
olkohoylkoU Tpodid Kal w¢ PpuokO emMakOAouBw TNV TIAPOKOAOUONON TWV EVEPYELAKWV
XOPAKTNPLOTIKWY HLaG etalpeiag mou Spaotnplomoleitat otn Bopela lepupavia. Mo pa
KaAUtepn kot ot PBabog epeuvntiky Sadikaoia, €mAEXONKE n TIOLOTIKN TIPOOEYyLOn Kol
oUMEXONKav oxetikd dedopéva amd tnv mapandvw etatpeia. MO CUYKEKPLUEVA, QUTA N
€peuva BaoloTNKE O TIOALTIKEG, TIPAKTLKEG KOL KOLVEG OTTOSEKTEC OTPATNYIKEC yio TN Stacdpaiion
NG BeAtiwong tou etalpikov mpodil. Ta guprApata TG €peuvag amokdAupav OTL oL apXLKES
npoodokieg yla elpeon Slappowv eVEPYELAC KAl EUKALPLWY PBEATIWONG OTNV €TOLPELD ATAV
oANBLVEG KOl ElXaVv WG AMOTEAEGHA TNV TPOKANCN VEWV Wewv Kat mbavwyv Spdoswv. lNa to
Abyo autd, tpla dladopetikd oevdapla avaAuBnkav pe to kabéva va poodépel o SLadopeTiko
eninedo avapadbuion twv meptBarloviikwy (Alyotepn pumaveon CO2), owkovoulkwv (avénon
ETALPKOU €L0OSAMATOG) KOL EVEPYELAKWY (XOUNAOTEPEG NAEKTPLKEG Kal OEPULKEG OVAYKEG)
XOPOKTNPLOTIKWVY TN¢ emxeipnong. H omola afla autrnc tng LEAETNG EYKELTOL OTO YEYOVOG OTL T
EPEVVNTIKA MAG ATOTEAEOUATA CUMBAAAOUV OTN YVWON TWV OTOMWV TIOU OXETLlovTaL PE TN
Sloxelplon Kol KATavaAwaon eVEPYELAC KO, EMUTAEOV, EVEATILOTOUUE Vo lvol WhEALUN €ite Ot

XPNOTEC ULKPNC 1 MEYAANC KALHOKAC €LTE 08 AANOUG EPEUVNTEG.



NE€elc-kAelOLA: Awo€eidlo Tou avBpoaka, PBLWOLUN KOTOVOAWGN Kal Topaywyrn, a€plo
BepUoKNTIlOU, OVOVEWOLUEG TINYEC EVEPYELOG, OUOTNHO SLOXELPLONC €EVEPYELACG, OVAAUOH
opEloug KkOoToug, oupBaon mAaiolo twv Hvwpévwv EBvwv yla tTnv aAlayr tou KALLOTOG,
EVEPYELOKN amOS00Tr), 0LKOAOYLKOC OXESLAOUOG, QMOTUTIWHA AvOpaKa, KOTOVAAWGON EVEPYELAG,

EVEPYELOKEC TIOALTIKEG, amOBAnTa ene€epyacia, mpwtn UAN.
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INTRODUCTION

The contemporary energy and carbon footprint topic is nowadays taking on an international
dimension through awareness of the global warming as a commonly accepted issue. As stated
by an adequate number of institutions and ordinary peoples, solutions and new ways of dealing
are needed on a global level, which, will not be based on temporary and emergency measures.
Every one of us individually, but also as a whole pitch in but in a negative way to raise the
amount of unwanted gases causing a chain reaction that after a point, would not be controllable
anymore. This way, speaking about terms like the carbon footprint is anticipated an alleviation
of bad human habits in favour of the environment and a long term environmental stability.
Many countries around the world are pursuing energy independence through the usage of
renewable energy or by improving the energy consumption methods to save money and
achieve energy autonomy. In this way, focusing the worldwide concerns with respect to these
and different issues on the financial, innovative, institutional and ecological circles has provoked
a rapid spread ranging from technologies and methods till public promotion about the
environmental impact and the overall energy mix with and without energy efficiency, all over
the world. Continuously pollution, the rapid climate change and the energy supplies still poses
enormous challenges among the nations, requiring major changes in the energy behaviour and
of course politics globally.

The idea, which will try to build on below is a part of a general system working hard to detect
sources of energy leakage in any possible form (electricity, thermal, motion etc.) in order to
optimize or harness them differently. In simple words, the energy production companies
worldwide are ready to shuffle off the traditional energy sources and production methods,
starting a new era that links the energy demand with trustworthy high energy efficiency
procedures, products and in a broader sense human behaviour. Therefore, the main target that
draws our attention is basically the operational qualification of the industrial sector, which
happens to feature a plethora of opportunities, if a company or an industrial plant examined in
depth. For that cause, various laws and regulations have promoted by governments to ensure

the stimulation and commercialization of renewable energy sources, energy efficiency and a
1



number of techniques in order to deal with problems such as the climate change, the unwanted
CO2 emissions and the depleted fossil fuels. Speaking about primary objectives, through the
project will be touched the ecological and energy footprint in a specific type of company
(manufacturing and service business) and amend positively the energy and environmental flaws,
that almost every corporation cannot easily track down and as a natural consequence have not
been yet upgraded. This way, hoping to designate appoint all the possible energy leakage and as
a next step, some commonly accepted practices appertain to the redesign of the energy
resource use, the eco-design and renewable energy sources sector will be proposed to achieve a
more environmentally friendly company profile.

All this can be realized by carefully analyze the following basic research questions that serve our

primary cause and namely are:

e How do the energy use and carbon footprint affect public opinion and what will be their
impact on the competitive world in the near future?

e How much is the energy and carbon leakage of specific potential and scale business?

¢ Where and in which way this kind of negative leakage can be spotted?

¢ How the under investigation company should manage the findings in order to become more
sustainable? What actions can improve the production/commercial processes to achieve the
goal of reduced energy consumptions and waste?

e How should the available techniques and innovative ideas in the field of renewable energy
sources and green buildings design be combined so that a better result can be achieved?

e What would be the economic, technical and ecological impact of the best case scenario,

where all the proposed solutions are implemented?

Consequently the study consists of three essential parts. The first one describes the theoretical
framework and is divided into three sub-chapters. More specifically, the first chapter deals with
the global review of the increased energy consumption and the international market trend to
disengage from old environmental unfriendly habits and trace a new energy plan toward
sustainability. Then the definition of the term "ecological and energy footprint" will conceptually

clarified and a further association with methods to cope with this problem (in case of negative

2



footprint) is going to be tried. Chapter two presents the policies and practices for the
modernization and decarbonization of the industrial sector, with particular regard to the EU
countries, and the role of the authorities and the company itself to achieve the desired goals. In
addition, an allusion to methods target to abolish these energy intensive practices will concern
us too. The third chapter discusses the importance of better energy efficiency from the
economical and from the social/environmental point of view. Indicate the difficulties might be
faced because of the employees, the business unwillingness or even the climatic conditions that
sometimes hold back these processes and similar nature topics.

In the second part, the theoretical part goes behind the curtain and a practical example goes in
front and highlights the importance -necessity of my research. An empirical study requires
several data to be collected and rightly presented. This data will lead to a part of tables and
diagrams and a cost-benefits analysis to certify the financial viability of this kind of plan-
investment.

The final or third section, followed by the presentation of the results, summarizes all the
findings together with the associated theory and the central idea willing to give prominence to.
Finally, some suggestions for further research are meant to be presented.

Undoubtedly, the theoretical analysis of the topic will point out its importance. Still, in order
delving deeper into the under examination issue, all the research questions would be touched
one by one. After putting into effect, a relevant case study in a real life example, the
significance of this study could be easier proved and directly contributed, even in the smallest
degree, to a specific part of the scientific or corporate world and indirectly to the society and
the environment.

The rhetorical question “Why should we even bother?” answer is that redesigning the energy
resource use, eco-design and improvement of production/commercial processes to reduce
energy consumption and waste, rewarding all possible aspects of sustainable development that
targeting sustainability without depletion of valuable natural resources and strengthen
sustainable competitiveness with stress on the next presented: e Economic growth e Social
cohesion ® Employment e Competitive power in international competition e Using resources in
an efficient and sustainable way e Minimizing negative environmental impacts (Vanags &

Butane, 2013).



PART A: THEORETICAL BACKGROUND
— LITERATURE REVIEW

1. CHAPTER: INTRODUCTION TO THE SUBJECT OF ENERGY
EFFICIENT USE IN RELATION TO THE CARBON FOOTPRINT

1.1. DEFINITION OF CARBON FOOTPRINT

An appropriate definition of carbon footprint is that the total amount of greenhouse gases
produced to directly and indirectly, support human activities usually expressed in equivalent
tons of carbon dioxide (CO2). The carbon footprint of a single person is the sum of all emissions
of CO2 (carbon dioxide), which was induced by his/her activities in a given time frame. Typically,

a carbon footprint is calculated for the period of a calendar year (Time for Change, n.d.).

The distinguishing of domestic carbon footprint is more clear in the next figure (Figure 01),
where a usual breakdown of domestic footprint by origin is given. When it comes to domestic
carbon footprint and as indicated by the figure above (Figure 01), it is synthesized by the
consumption, including clothing, footwear, and household and personal goods, all of which
accounts for a significant amount of an individual carbon footprint because these thinks have
associated emissions from gathering materials, production, and transport. Besides that, is
important to be familiar with the carbon footprint that transportation activities like simply
driving polluting cars could contribute negative too. Conscious (consumers, citizens) for this
type of activities could wisely choose group transportation alternatives such as trains or buses.
They definitely pollute with less CO2 per person, but still, have emissions that are associated

with them.
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Figure 01: Breakdown of a typical domestic carbon footprint by origin (Parliament, 2011)

Likewise, industrial or public sector exhibits the exact same pollutant factors because they are a
partially human-centered design. In the same time are responsible for other polluting actions
calling for improvements and are going to be investigated below as the study unfolds.
Identically, the ecological footprint is a method calculating the impact of a person or community
or a corporation on the environment, expressed as the amount of land required to sustain their

use of natural resources (Lim, 2018).

The ecological footprint is one way of measuring sustainability, which refers to the ability of a
population to support itself in the present without compromising that ability for the future and
like the carbon footprint is a way of asses the environmental impact. Noticeably, the carbon

footprint is currently the most rapidly growing component blamed for over 60% of humanity’s



overall Ecological Footprint and for this reason, many research or ground-breaking technical

ideas consider as a comparable unit of measurement the CO2 emissions (Lim, 2018).

This negative correlation between the required energy use and land is well displayed in the
figure 02. The figure 02 prove the steady increase of land required (measured in Number of
Earth or very often in global hectares per person), which at the end of the 60s was more than
one planet and at the end of 2016 was calculated little more than 1.7 planets. Unquestionably,
the carbon and all related actions are responsible for the biggest share approaching alone one

planet land need (Global Footprint Network, 2020).

® World Ecological Footprint by Land Type
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Figure 02: World ecological footprint by land type (Global Footprint Network, 2019)



1.2. WHY THE CALCULATION OF CARBON FOOTPRINT DEEMED TO BE IMPORTANT

The answer to this question is self-answered if light is going to be shed on the term “Climate
Change”. The issue Climate Change, also known as Global Warming, is the name given to long
term changes to temperature in and around the earth’s surface, which causes long term shifts
to weather patterns. In line with the experts opinion, impacts the whole earth and is not limited
to only one or two areas. This phenomenon has led to the melting of polar ice sheets and
glaciers resulting to a rise in sea levels. Furthermore, extreme weather events like typhoons and
hurricanes are becoming more common in some zones of the world, while other areas suffer

more punishing droughts and heat waves (Carbon Footprint, n.d.).

Coupled with the climate change the carbon footprint is considered to be a very powerful tool
to comprehend the impact of personal behaviour on global warming. The majority of people see
the amount of CO2 produced by their activities and they personally are willing tom make steps
against global warming and sensitize the other lack of awareness. This is why the calculation and
constant monitoring of personal or bigger scale carbon footprint at any event essential

(Afework, Hanania, Stenhouse & Donev, 2018).

Estimation of the carbon footprint in land area does not infer that carbon sequestration is the
sole answer to the carbon dilemma. It just indicates how much required biocapacity dealing
with untreated carbon waste and preventing a systematic carbon build-up in the atmosphere.
Mostly, this approach mobilizes people to handle the climate change challenge in a holistic way.
The burden remains unshifted to one natural system (directly confronted), never affecting the
other. Actually, the atmospheric pollution problem emerges because the planet does not have
enough biocapacity to withstand and to neutralize all the carbon dioxide (Global Footprint

Network, 2019).



1.3. GLOBAL REVIEW OF ENERGY CONSUMPTION AND INTERNATIONAL MARKET
TRENDS

As the climate crisis escalates more and more human getting worried about it and trying to cut
down as far as possible, their ecological footprint going after different bad habits according to
their lifestyle. For instance, some proposals of a famous daily newspaper like “The Guardian”

include:

e Less air travels for frequent flyers (aviation sector is a large carbon footprint emitter)
e Less beef and lamb meat consuming

e Space heating due to bad insulation

e Replace of old gas and oil boilers and similar infrastructures

e Reduce car mileage per year and use an electric vehicle

e Replace lighting bulbs and upgrade the lighting system

e High efficiency electrical appliances

e Invest in renewable energy

e Buy gas and electricity from retailers who sell renewable power

e Pick over companies supporting low carbon future

(Goodall, 2017)

Behind the words of an international leverage newspaper can someone glean that the
community and consumer sentiment slowly change and in a few years the green profile of an

enterprise will not be anymore an optional but to the contrary will be a prerequisite.

An “archenemy” of the environment is the anthropogenic CO2 emissions result from burning
fossil fuels because of energy production and fuel consumption. Most widespread in areas like

the below given:

= Electricity production

= |ndustrial sector


https://www.theguardian.com/commentisfree/2016/oct/18/climate-change-airport-expansion-heathrow

=  Transportation
= Agricultural sector

= |n the residential sector

(Ntanos, et al., 2015)

A frequent method of CO2 emission from the fuel consumption prediction is the creation of
three different scenarios (Figure 03). The majority of the outlooks even if the scenario is
plausible, rational or normative project grow of the emissions due to fuel consumption (exclude
Shell sky) showing that it might be too late to reach the goal of 1.5 °C or later in the future the

net zero emissions, if the combined effort does not start first think tomorrow.
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Figure 03: CO2 emission build-up through the years (World Energy Council, 2019)

The Sustainable Development Scenario maps out an approach to meet completely the
sustainability goals, requiring fast and broad changes across all parts of the energy system. The
breadth of global consumer demands means that there are no uncomplicated or individual
solutions. The acute emissions cuts are performed across the board by dint of multiple fuels and
technologies, offer efficient and cost-effective energy services for everybody. In fact, the trend

in reduction of CO2 emissions predicts a kick-off in 2020 anticipates by 2050 the Gt of CO2 to be



cut off by half and this may bring us a step closer to the limit the global temperature to 1.5 °C
(IEA, 2019). This is better visualized in the following figure 04

Compare the new SDS 2019 to IPCC scenarios with a |less than 15°C ¥ | temperature rise in 2100
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Figure 04: CO2 in the energy sector, starting from 2010 until 2050 and linked to the 1.5°C scenario (IEA,
2019)

The ultimate target is unquestionably the environmental protection through energy
conservation, reduce pollution and slow down of the global warming phenomenon.

In terms of emissions and based on the below figure (Figure 05), the industrial sector comes in
the second emitting place of energy-related CO2. Unfortunately, the industry would still emit
5.1 Gt of CO2 in 2050. As per the REmap Case, the industry will become the largest source of
emissions with the predicted share rising from 29% to 46% of annual emissions by 2050
(between the largest emitters are the chemical, petrochemical and steel because being energy
intensive and high temperature processes very difficult to completely decarbonise but the share
of the other types of companies is noteworthy). The renewable energy sources together with
other actions is expected to increase their share in energy use almost to 63% and drop-off in the
CO2 emissions close to 5.1 Gt CO2/year thanks to the drastic measures. The anticipate total
investments required until 2050 estimate to be on a global scale more or less 5 trillion USD

(IRENA, 2018).
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The speedup in energy consumption during 2018 (+2.3%) was driven by high growth in
electricity and also gas demand. Internationally, a significantly grew in energy consumption
encouraged by the sustained economic growth and rising demand in many countries. Chinas
growth rate in energy use was 3.7%, first energy consumer since 2009 because of the strong
industrial demand and fuel consumption followed by the United States that reached a record
high of 2.3 Gtoe in 2018, up to 3.5% as a result of adverse weather conditions (hot summer, cold
winter). Another way around, the European Union has succeeded, a good reduction of -1%,
where Germany had -3.5%, partly thanks to decreasing consumption in the power sector and
energy efficiency improvements. Looking the numbers by region, in the first place in 2018 was
Asia with 5,859 Millions of tonnes of oil equivalent (Mtoe), second was North America with
2,558 Mtoe and after was coming to Europe with 1,847 Mtoe in a year. Then came CIS with
1,081 Mtoe and Africa with 850 Mtoe. Second to last was Middle-East with 803 Mtoe and final

position belonged to the pacific region with 158 Mtoe (Enerdata, 2019).

Trend over 2008 - 2018 Breakdown by energy (2018)
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Figure 05: Energy consumption 2008-2018 by region (Enerdata, 2019)

Looking at a future not so far away, for 2030, the target is already set much higher aiming at
40% GHG emission reduction. The industries have a crucial role to play and the persistence of
applying carbon reduction methods in the industrial processes in dependence on the rest of the

energy sectors bringing us one step closer to a gateway to a green planet.
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Pursuing a minimum of 1.5°C global temperature reduction by limiting the CO2 and other

harmful emissions is a tricky business. For that cause no one should sit out of this moral

purpose and first of all the industries, which have tremendous environmental impacts and well-

hidden opportunities (IPCC, 2014- UNEP, 2018).

2015 REmap Case 2050
O —
Vi
INDUSTRY 2872 anite 3608 i N
Indicators for energy usein ;’ 23? Mt /yr CTE:::I;I s 839 Mt/yr _ T@E
the: Industry sector ACTIVITY 612 Mefyr agﬁe%e:;- 1079 My
167 reiye Alurminiurm 269 mesyr i@
688 v o 897y I
iy Renawable
/ 5 ] share in
i | ()=
RENEWABLE ENERGY
AND ELECTRIFICATICN SHARES
Electriciy
::ﬁ;“:;d EIEI:II'I(I[PIHd
RENEWABLE ENERGY INDICATORS
— I
8 i St 20.2 e
Biomass
WO o0 LS wiiods 105 e
0.1 cwen o 134 cun
[ Coer 3450 mition m
i CEOTHERIAL 0.02 e et 8.11 ey
0.2 i Heat Sumps 80 "

e (WX HeaT PUMPS

ENERGY RELATED
G0z EMISSIONS*

fvoided CO: emissions 6 7
in 2050 eomparcd
to Reference Case: GtCOuyr

INVESTMENT STRANDED
Total investments ASSETS

for decarbonization for the peniod
for the period 10152050
2015.2050 usn mnun G ;s i

-

Figure 06: Infographic industry sector (IRENA, 2018)
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1.4. ENERGY EFFICIENCY FROM THE SOCIOECONOMICAL POINT OF VIEW

Usually, referring to the topic of carbon footprint enhancement gives the wrong impression that
only the environment can take advantage of this process, but this is far from being true. In a
great degree, the socio-economic aspect earns benefits from the exploitation of the energy
conservation methods, making the process very attractive for potential investors. Among the
many benefits that stimulate people to make further upgrades and live a more mindful lifestyle
could be the next presented:

e Improved living and working standards

e Higher profit margins are redistributed regularly as increased wages

e Positive health impact

e Lower unemployment rates

e Natural resources preservation

e Increased safety

Economical:

e Positive impact on Gross Domestic Product (GDP)

Job creation

e Industry stand a greater change for long-term competitiveness
e Better quality of goods and improved services

e Increased budget for further investment

e Reduce or avoid pollution taxes and levies

(European Commission, 2017)
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2. CHAPTER: POLICIES AND PRACTICES

2.1. INTERNATIONAL ENERGY POLICIES AND PRACTICES

Back in 2015, a historic year in which 196 parties met under the Paris Agreement to transform
their developmental paths to guide the world into a path towards sustainable development
aimed at curbing the increase in temperature to 1.5 to 2 degrees Celsius over pre-industrial
levels. Through the Paris Agreement, was consorted by the parties, a long-term adjustment
target, to the target of increase their ability to adapt to the unfriendly impacts of climate change
and to advance climate rebound and low greenhouse gas emissions in a way that also, does not
menace production of essential foods. In addition, they agreed to labour on the compatibility of
economic runs with a path concerning low greenhouse gas emissions and climate-friendly
growth.

Nationally-defined Contributions (NDCs) are at the centre of the Paris Agreement and the deed
of these long-term purposes. The NDCs embodies each country's strain for abatement a
reduction in national emissions and the adjustment of the conflicts of climate change. The Paris

Agreement calls for each Party’s:

I.  preparation,
. communication,
lll.  and maintenance.

(United Nations Climate Change, 2020)

In consecutive National Determined Contributions (NDCs) that it aims to manage those points.
The Contracting Parties shall follow national mitigation measures to achieve the objectives of
these interplays. Together, these climate actions help determine if the world brings the long-
term goals of the Paris Agreement and the purpose of achieving the targets as soon as possible
into global maximum greenhouse gas emissions. At the same time, according to the best

available sciences, there are efforts to achieve a balance between anthropogenic emissions
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from pollutant sources in the second half of this century. The increase in emissions of these

gases will require more time from developing country Parties to rationalize their use and reduce

them and that emissions reductions will be made on the basis of sustainable development and

poverty eradication efforts, which are critical development priorities for many developing

countries. Each climate change design mirrors the country's ambitions to reduce issuance,

taking into account households conditions and potential (UNFCCC, 2020a).

Markedly, a few words about the most important agreement will showcase the value and the

high priority of the issue of climate change. Further down are presenting some pivotal moments

of the carbon emission policies and regarding decisions.

The United Nations Framework Convention on Climate Change:

Referring to the United Nations Framework Convention on Climate Change (UNFCCC), they
allude to an international pad of the environment, adopted on 9 May 1992, which was
signed at the Rio de Janeiro Earth Summit held from 3 to 14 June 1992. It entered into force
on 21 March 1994, following confirmation by an adequate number of countries. The
objective of the UNFCCC is "to consolidate and control greenhouse gas centralization in the
earth's atmosphere at levels that will forestall dangerous anthropogenic interference with
the climate system" free greenhouse gas emission limits are mirrored in this framework for
Member States without mechanisms to enforce it according to law. Negotiation, according
to the description of the framework becomes international treaties (so-named protocols or
agreements) to define further admeasures to achieve the global goal of the UNFCCC. The
UNFCCC has set as its first task the signing of ethnic greenhouse gas stocktaking for
greenhouse gas emissions and redeployment that were used as a reference for the creation
of the 1990 benchmark levels, all for the accession of the Annex | countries (industrialized
countries members of OECD) to the Kyoto Protocol and the commitment countries to
reduce greenhouse gas emissions. The above countries have to abide their inventories
annually to the UNFCCC databases. The UNFCCC entered into force on 21 March 1994, as

mentioned before, and has almost universal membership. One hundred ninety-seven
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countries have ratified the Convention and are called Contracting Parties. The UNFCCC
named as a "Rio Convention", is one of the three affiliated at the Summit of Rio in 1992.
“Family” of Rio Conventions, is the United Nations Convention on Biological Diversity and
the Convention to Combat Desertification. The above three actions are inseparably
corporate. Based on the above fuselage, the Joint Liaison Group was also set up to amplify
collaboration amid the above pacts. All of them are connected with the ultimate goal of
developing synergies and groups in their activities and on issues of mutual interest. The
Ramsar Convention on Wetlands is also incorporated into the above. As mentioned above, it
is clear that the final goal of the UNFCCC is to impede hazardous interference in our climate
system. Initially, the Intergovernmental Negotiating Committee (INC) presented the text of
the Framework Convention at the New York Summit from 30 April to 9 May 1992. The
Convention enjoys broad legitimacy, mostly due to its almost universal membership (United

Nations, 1992).

Conferences of the Parties (COP):

The Parties to the Convention meet annually since 1995 at the Conferences of the Parties
(COP). These conferences include an assessment of each country's progress in addressing
climate change both locally and wider. In 1997, the Kyoto Protocol, established legal
indebtedness and obligations for developed countries, and it was introduced to reduce
greenhouse gas emissions during the period 2008 - 2012. In line with the Cancun
Agreements in 2010, it is entirely distinct that the overall overheating of the planet should
be reduced to 2°C than the pre-industrial levels. The protocol has been amended to include
the 2013-2020 period in the Doha Amendment. Lastly, in 2015, the Paris Agreement, which
is subject to emission reductions from 2020, to the commitments of the countries to
favoured national and non-fixed levies, was approved. The Paris Agreement entered into

force on 4 November 2016 (UNFCCC, 2020b).

Kyoto Protocol:
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The UNFCCC contracting parties, following the signing of the UNFCCC, met at conferences on
consultation and how to achieve the Treaty’s objectives. At the 1st Conference of the Parties
(COP-1) meeting, the Parties decided that the objectives of the Contracting Parties to
stabilizing emission levels at 1990 levels up to 2000 were “inadequate”. Further, discussions
at subsequent conferences led to the Kyoto Protocol. The Kyoto Protocol sets targets for
greenhouse gas emissions for developed countries which are binding in international law.
The Kyoto Protocol was adopted in Kyoto, Japan on 11 December 1997 and entered into
force on 16 February 2005. There are 192 signatory parties to the protocol after Canada's

withdrawal in December 2012.

The Kyoto Protocol is an international treaty that extends the United Nations Framework
Convention on Climate Change (UNFCCC) in 1992. The Framework Convention in substance
commits the contracting States to reduce their greenhouse gas emissions and scientific
consensus on global warming. The Kyoto Protocol had two commitment periods, the first of
which lasted from 2008 to 2012. The second round of commitments is for the period 2013
to 2020 and is based on the Doha amendment to the protocol as mentioned above, which

has not entered into force.

% The US has not ratified the Kyoto Protocol while Canada was withdrawn in 2012.
The Kyoto Protocol has been ratified by all other Annex | Parties.

«» All Annex | parties (excluding the US) participated in the first Kyoto commitment
period.

% 37 Annex | countries and the EU have agreed on the Kyoto secondary targets.
These countries are the European Union, Ukraine, Croatia, Belarus, Iceland,
Norway, Switzerland, Kazakhstan and Australia.

++ Belarus, Kazakhstan and Ukraine have stated that they can withdraw from the

protocol or not put the amendment in line with the objectives of the second

round directly.
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++ Japan, New Zealand and Russia actively participated in the first round of the
Kyoto Protocol but did not take on new targets during the second commitment
period.

%+ Other developed countries with no secondary targets are Canada (which left the
Kyoto Protocol in 2012) and the United States.

+* Negotiations took place in the context of the UNFCCC annual climate change
conferences on the measures to be made after the end of the second
commitment period in 2020. This led to the adoption of the Paris Agreement in
2015, of the UNFCCC as a separate agreement and not part of the Kyoto Protocol

amendment.

(United Nations Sustainable Development, 1992)

iv. Bali Action Plan:

Under the Bali Action Plan, adopted in 2007, all parties in the developed countries agreed on
"quantified emission reduction and reduction targets, while ensuring comparability of efforts
between them, taking into account differences in their national situation". The developing
country Parties have fallen in with the "NAMAs (nationally appropriate mitigation actions) in
the context of sustainable growth backed up and enabled by technology, funding and
capacity building, in an immeasurable, communicable and corroborated way". Between
them, 42 developed, 57 developing and the African Group countries have given their
agreement to mitigation targets to UNFCCC Secretariat (group of countries within the UN)

(UNFCCC,20204d).

v.  Copenhagen Accord and Cancun Agreements:

In the context of the Copenhagen negotiations in 2009, some countries produced the
Copenhagen Accord. The agreement states that global warming should be kept below 2.0 °C.
The Agreement-Accord does not determine what the baseline is for these temperature
targets (e.g. concerning pre-industrial, or 1990 temperatures). The UNFCCC mentions that

these targets are always related to pre-industrial temperatures. One hundred fourteen
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Vi.

countries granted their accordance to the Accord. The UNFCCC Secretariat marked that
"stated parties [...] have stated in their transmittance to the Secretariat, especial views on
the assumptions of the Agreement and affiliated matters under which the Agreement was
agreed". The Agreement has not been authoritatively endorsed by the Conference of the
Parties. Instead, COP "took note of the Copenhagen Accord".

Under the agreement (Accord), 17 developed country Parties and the EU-27 gave their
submission on mitigation targets. Also 45 developing country parties submitted, too. Some
developing country Parties also reported the need for international support in their plans.
Under the Cancun Agreements, developed and developing countries have submitted climate

change and mitigation plans to the UNFCCC (Werksman, 2009).

Paris Agreement:

As part of the "Durban Platform for Enhanced Action", the parties' agreement was reached
in "creating a protocol, a new legal instrument, or an agreed outcome with legal force (in
other words) under the Convention applies to all Parties". In Durban and Doha, the parties -
with great concern-stressed that current efforts to maintain and stabilize global warming
below 2 or 1.5 °C appear to be inadequate targets in relation to the pre-industrial level.

The Paris Climate Agreement or the Paris Climate Agreement (French: Accord de Paris) is
about an agreement under the United Nations Framework Convention on Climate Change
(UNFCCC) on mitigation, adaptation and financing (for the reduction of greenhouse gas
emissions) from 2020 and on. The agreement aims to the response to the global threat of
climate change, aiming the stabilization for the global warming in this century, well below 2
degrees Celsius (above pre-industrial levels) and seeking to continue efforts to curb climate
change temperature increase even further at 1.5 degrees Celsius.

According to the Paris Agreement, each country is able to determine plans and reports
about its contribution, in order to mitigate global warming. There are no law mechanisms
forcing a country to set a specific target with a particular end-date, but each target should
go beyond and further than previously set objectives. In 2015, all 196 parties in the

Convention attended the UN Climate Change Conference in Paris, 30 November - 12
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December, and gave their approval, with a consensus, in the Paris Agreement, with the
ultimate goal of limiting the global warming to less than two degrees Celsius (even attempts
to limit growth to 1.5 degrees Celsius). The Paris Agreement entered into force on 4

November 2016 (UNFCCC, 2020c).

Mostly, over the last two decades, as a result of intensive efforts in the international climate
policy (milestoned by the international climate summits on the United Nations Framework
Convention on Climate Change UNFCCC notably the Kyoto Protocol in 1997 and the Paris
Agreement in 2015) and emerging consumer awareness there is a developing interest in the
quantification of businesses carbon footprints. Following this, there have been various activities,
guidelines, rules and calculation methods developed not long ago to be able to quantify the
level of greenhouse gas emissions. A well known and widely applied accounting tool is the one
called Greenhouse Gas (GHG) Protocol, serving as a standard for measuring and reporting
organizational level direct and indirect greenhouse gas emissions, with a vast number of
organizations using it back in 2007 (World Resources Institute, 2004).

This kind of protocol forms the basis of the ISO 14064 standard (first time published in 2006 and
is since then nonstop revised) on organizational level greenhouse gas quantification and
reporting (I1SO, 2017).

Dreaming of the Paris Agreement goal of limiting warming to 1.5 or even 2 degrees Celsius in a
best case scenario, rapid reduction of CO2 emissions are desired (or stressing that deep cuts in
other than CO2 crucial emissions climate forcers is absolutely essential, but only this action will
not be sufficient (IASS, n.d.).

The ambitious 2°C Scenario would require a peerless ramp up of all low-carbon technologies
internationally. A challenging set of policy measures, counting in the rapid phase out of fossil
fuel subsidies, CO2 prices rising to unparallel levels, extensive energy market reforms, and
stringent low-carbon and energy efficiency mandates would be required for this transition.
Those policies planned to be presented quickly and comprehensively across all nations in order
to accomplish the 2°C Scenario, with CO2 prices reaching up to (USD) 190S for each tonne of
CO2 emitted. The situation likewise requires more extensive and more profound worldwide

endeavour’s on technology innovation cooperation to encourage low-carbon innovations
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advancement and deployment. All improvements to energy and material effectiveness and
higher deployment of sustainable power source are necessary parts of any international low-
carbon change. Additionally, in 2°C Scenario, aggressive efficiency measures would be expected
to bring down the energy intensity of the global economy by 2.5% annually in time between
2014 and 2050, where wind and solar combined would become hopefully the largest source of
electricity until 2030. Electricity markets redesign will bring major changes thanks to the large
shares of renewable integrated, alongside with new strict rules and proper technologies to
ensure flexibility. By 2050, the intention is that nearly 95% of electricity would be low-carbon,
70% of new vehicles would be electric, the entire existing building stock would have been
retrofitted, and the CO2 emissions coming from the industrial sector would be 80% lower
always compared to the most recent calculations. Indeed, a fundamental reorientation of the
investments and a fast acceleration of demand-side investments deemed to be inevitable. For
that cause, are needed around USD 3.5 trillion in energy sector investments on average each
year between 2020 and 2050. The additional net total investment, relative to the patterns that
arise out of the current climate pledges, would be equivalent to 0.3% of global gross domestic
product (GDP) in the year 2050 (OECD/IEA & IRENA, 2017).

At present, many notable reports and climate actions are setting an alter and more restrained
target of tackling the global warming to 1.5°C in comparison to the pre industrial levels. As set
out by the 2030 agenda for sustainable development and more specific the 13% goal of
sustainable development (SDGS) “Take urgent action to combat climate change and its impacts”
speaking about the pressure put on the environment and the necessity of planning ahead
toward reaching that target (United Nations, 2015).

Same motive is followed also by the 6th IPCC assessment Report, which is an intergovernmental
panel on climate change, assessing in regular basis the scientific information are useful to
develop climate polices or actions. One of the many reports clearly distinguish the impact on
the planet of 1.5°C and 2°C temperatures above the pre-industrial conditions showing that an
additional 0.5°C of warming will cause acute environmental problems and presumably in some
cases/regions major disasters (IPCC, 2018a - IPCC, 2018b).

Scientists around the world are aware that applications of the carbon footprint concept in

practice can be tricky and are many different frameworks providing a methodology for
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guantifying organizational carbon emissions. For addressing the corporate level footprint, the
widely used Greenhouse Gas (GHG) Protocol (WRI and WBCSD, 2004) ranks emissions into three

main scopes:

e 1%t Scope: Direct emissions from sources possessed or operated by the company or
public organization (for instance own trucks, gas heating systems and so on).

e 24 Scope: Electricity indirect GHG emissions depends on the generation of power
somewhere else utilized by the company/organization (the GHG protocol addresses only
electricity, however, steam or heat could be ditto covered within this scope).

e 3™ Scope: Rest of indirect GHG emissions as a voluntary group of the protocol, third
Scope that considers treating of any further emissions, like the upstream and
downstream phases of product life cycles (a good example are raw material extraction
or usage of products).

(Ranganathan & Bhatia, 2004)
Stein and Khare (2009) assert that generally indirect (third Scope) emissions account for the
largest share of corporate carbon footprints (Stein & Khare, 2009). The following figure 07
summarize the main scopes of the GHG Protocol, where is evident the distinction between the

direct and the indirect emissions.
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Figure 07: Harmful emissions main scopes and their grading in direct and indirect (Harangozo & Szigeti,

2017)
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2.2. ENERGY POLICIES AND PRACTICES IN EU

An EU framework proposes new targets and measures to make the state member’s economies
and their energy system more competitive, secure, and sustainable. The continued commitment
and concern of the European Commission of this transition process intended to launch
discussions on how to give these policies continuity to the end of the current 2020 framework
and how the next steps should be done. Major targets such as reduction of greenhouse gas
emissions and increasing the use of RES, a new governance system and performance indicators
are on the daily agenda. More specific, it proposes improved energy efficiency via possible
amendments to the energy efficiency directive, European guidelines and energy efficiency
investment objectives, which are founded on the experts work hoping for a low carbon

economy (Medina, Camara & Monrobel, 2016).

Various laws and regulations have promoted by governments to ensure the stimulation and
commercialization of renewable energy sources in order to deal with problems such as climate
change, the unwanted CO2 emissions and the depleted fossil fuels. The European Union

Members have agreed to achieve the following goals by 2020:

i. 20% reduction in greenhouse gas emissions
ii. Increase the rate of penetration of renewable energy sources to 20% of final consumption

iii. Improvement of energy efficiency by 20%

(European Commission, 2019a)

In the eyes of the European Commission and the people in charge, fair enough, the carbon
footprint reduction can be realized with the proper combination of all the aforementioned
targets indicated. By giving emphasize only on one goal, the likelihood of a zero or near to zero
carbon footprint either talking about a domestic user or a more substantial consumer (industry,

public organization) would be much lower.
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In the same direction, the new 2030 revised climate and energy framework, including the EU-

wide targets and policy objectives for the period from 2021 to 2030 are the below:

e At least 40% cuts in greenhouse gas emissions (from 1990 levels)
o At least 32% share of renewable energy
e At least 32.5% improvement in energy efficiency.

(European Commission, n.d.a)

These changes to the original plan were adopted by the European Council some years ago, in
October 2014 and the targets for renewable energy and energy efficiency were revised upwards
in 2018. All Member States are obligated to conform to integrate National Climate and Energy
Plans (NECPs) and also had to submit their draft plans by the end of the year 2018 (final plans
due date was the end of 2019). As key factors of that energy plan, cradling the minimum of the
sectors usually call for improvements. Namely, the following topics are energy strategy, energy
efficiency, renewable energy, markets and consumers, energy security, technology and
innovations, infrastructure, international cooperation, oil, gas, coal and last but not least the

nuclear energy (European Commission, n.d.a).

Additionally, a premature target has been adopted to “open the road ” for more intensive
actions to lead the way to climate neutrality. Through investing in realistic solutions,
empowering the EU citizens and aligning key areas like finance and industrial policies, on 28
November 2018, the Commission presented its long-term strategic vision for a prosperous,

modern, competitive and climate-neutral economy by 2050 (European Commission, n.d.b).

The 2050 EU horizon prepares itself for a climate neutral economy by 2050. For instance, a
strategy should outline a vision of the deep socio-economic transformations needed, engaging
all involved sectors for a climate-neutral economy. It seeks to ensure that this transition is
socially fair, enhancing the competitiveness of the EU economy and industry on global markets,
securing high quality jobs and sustainable growth in Europe. Hence, the road to climate neutral

economy encapsulates some strategic priorities and points. The figure 08 displays them briefly
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and among others, can also seen the industrial modernization that will bother us later and the

maximize energy efficiency benefits (European Commission, 2018).
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Figure 08: Strategic priorities toward a neutral economy (European Commission, 2018)

The European Union (EU) has subscribed this reduction of energy in comparison with a specific
baseline projection. This goal is otherwise called the 20% energy consumption reduction target.
At the end of the day, the 20% goal is attainable, but at the same time, not that easy going as
presented in the next figure. During 2017 the primary energy consumption was still above the
desired target, close to 1,550 Mtoe or 5.3% above the given aim. In 2020 must be more than

1,483 Mtoe (1,086 Mtoe final energy). The long term target in 2030 is a 22.6% decrease
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compared to 2017 measurement or otherwise translated 1,273 Mtoe of primary energy

consumption (956 Mtoe final).

Distance to 2020 and 2030 targets for primary energy consumption, EU-28
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Figure 09: Distance to 2020 and 2030 targets for primary energy consumption, EU-28 (Eurostat, 2019)

Indeed, using resources more efficiently saves costs, and reduces environmental damage. This
statement is not only limited to CO2 greenhouse gas emissions but influences several aspects of
nature. Worldwide, many countries and big scale consumers seek ways to reduce consumption,
to treat and re-use water, and to find possible ways to take advantage of the raw materials and
waste. After a closer look at the policies adopted on resource efficiency internationally, it can be
said that every decision or regulation has a considerable weight. The local authorities,
reasonable enough, year after year puts extra pressure on companies to conform with these
legislations and in parallel for that reason support infrastructure companies in improving their

performance or the procurement function to easier survive in volatile markets. A continuous
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improvement approach keeps the energy and money savings in the long run (Energy Efficiency

Trends and Policies In Industry, 2015) (European Commission, 2018).

Another vital info shows the criticality of the issue is that all EU-countries, as parties to

the UNFCCC and its Kyoto Protocol, are required to report to the UN:

» Annually on their greenhouse gas emissions ('greenhouse gas inventories');

» Regularly on their climate change policies & measures and progress towards the targets

('biennial reports' and 'national communications')(European Commission, n.d.c).

Annual reporting: screening their emissions under the EU's Climate Monitoring Mechanism, this
sets the EU’s own internal reporting rules based on globally concurred commitments and covers

points like:

emissions of 7 greenhouse gases
projections & policies to cut greenhouse gas emissions
national measures to adapt to climate change

low-carbon strategies

AN N NN

financial and technical support to developing countries (Copenhagen Accord and 2010
Cancun Agreements)
v" national governments' use of revenues from the auctioning of allowances in the EU

emissions trading system

Regular reporting to the UNFCCC: developed countries are required to make "national

interchange communications" to the United Nations at least one time in 4 years, with data on:

emissions and removals

policies and measures to reduce emissions

provision of financial, technological and capacity building support
other activities undertaken to implement the Convention

(European Commission, n.d.c)
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3. CHAPTER: CORPORATE WORLD AND ROOM FOR
IMPROVEMENT

The rapid development in technology the last few decades broaches the matter of energy
efficiency as a primary topic in many intercourses over the years. An excessive and unbridled
requirement for every kind of energy and especially electricity without second thoughts has
been at the top priority of the industrial customers, but this correctly changed since the
environmental impact proved to be tremendous. This philosophy targets every aspect of the
economy, focusing not only on the domestic building consumers and the public sector but on

the big players as well.

3.1. ENERGY INTENSIVE INDUSTRIAL PRIVATE OPERATORS

An uncontrollable demand for products has grown a lot, along with energy consumption and
CO2 emissions. As countermeasures, modest improvements have been made in industrial
productivity, in renewable heat uptake, together with favourable policy and innovation steps.
Nonetheless, progress is far too slow and rapid efforts on all fronts will be required to get the
industry on track with the Sustainable Development Scenario (SDS). Several techniques are
used to satisfy the energy consumption needs and there are strongly affected by the geographic
area and its latitude. The latitude every region, the climatic conditions and the adaptability tag
not only the industry, but also the government, offers different opportunities for saving
measures and at the same time plays a crucial role in how energy intensive an enterprise can
be. As a general rule, some heavy industries consuming and therefore emitting the most
significant amount of unwanted gases. More specifically, in 2017, iron & steel (2 Gt), cement
(2.2 Gt), chemical & petrochemical (1.2 Gt), Aluminum (0.3 Gt), pulp and paper (0.2 Gt) and the
rest of the industries (with 2.5 Gt). From 2030 onward, the total amount of 8.5 Gt (24% of global
emissions) is expected to start dropping despite the expected industrial production growth (and
population growth) in order to harmonize with the SDS. The next figure (Figure 10)proves the

previous point, that CO2 GHG production was steadily increased the last years because of the
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massive demand for electricity and other forms of energy and in parallel the uncareless use of

them.

Industry direct CO2 emissions in the Sustainable Development Scenario, 2000-2030
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Figure 10: Industry direct CO2 emissions in the sustainable development scenario 2000-2030 (Pales, Levi

& Vass, 2019)

Worth mentioning is also the gradual change occurring in the Industrial energy productivity
(industrial value added per unit of energy used) that has risen in most regions since 2000 and is
absolutely connected with the energy efficiency. Traditionally, the best enhancements in
energy efficiency have been succeeded in developed nations, which will in general spotlight on
higher-value industrial items, while nations in which industrialization progress came later have
shown comparatively little progress.

Not long ago, in Middle East, the industrial productivity has declined as a result of strong
development in energy-intensive fabricating subsectors somewhere in the range of 2004 and
2010 (particularly in the cement subsector) and in 2017 presents a value of 269 USD/GJ. Same
path has followed china with little changes in industrial productivity or even fell during the
2000s. Nowadays, industrial energy efficiency financial investment was more or less USD 40
billion, whereas China represented 37% of the total in 2018 (88 USD/GJ) and North America’s
share dropped from 17% in 2015 to below one tenth in 2018 (256 USD/GJ). Between other
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regions stands out Europe with remarkable constant advance year after year, keeping the upper
hand in the energy efficiency sector (269 USD/GJ). This reflects, how the energy intensive
facilities are phasing out and the new constructed absorbing a sufficient part of the similar

nature investment (Pales, Levi & Vass, 2019) (figure 11).

Industry energy productivity by region in the Sustainable Development Scenario, 2000-2030
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Figure 11: Industry energy productivity by region in the sustainable development scenario, 2000-2030

(Pales, Levi & Vass, 2019)

Pursue an industry with zero carbon dioxide is a great challenge because there are several
obstacles blocking the way. On one hand the sector is very heterogeneous with a wide range of
processes and products, meaning the number of crosscutting solutions is limited and on the
other hand, except fossil fuel combustion emissions, some processes produce CO2 as a by-
product of the chemical reaction (best example is cement manufacturing). These so-called
'process emissions' cannot be addressed with energy efficiency measures or by switching fuels.
Lastly, unlike the electricity sector, products have to be always competitive in worldwide
markets, decreasing the degree for organizations to assimilate or pass any extra expenses to
consumers - making low carbon technologies uneconomical. Hopefully, by 2050 most of the
industries will already be working this very moment with the Best Available Technology (BAT),

limiting the ability for further improvements (OECD, 2018 - The Climate Group, 2016).
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3.2. ENERGY MANAGEMENT AND RELATED METHODS

For this purpose, every once in a while, the human interest in the energy sector field shifts from
one innovation to the another, in favour of more energy save sustainable solutions linked to the
targets mentions before. Many worldwide accepted tools for addressing climate change impacts
by amending possible mistakes and update energy usage fail to drive future growth. When
referring to energy intensive consumers like public corporations or private companies, there is a
great probability of finding out high or low importance hidden failures. The interactions
between the two sectors are strong and the good practices are from both sides desirable.
Focusing more in corporate world business development and the effort to minimize the
environmental impact occur from this side, a stricter legal framework was established based on
the trading system such as the European Union Emissions Trading System (EU ETS) or the ISO
50001 implementation. On the one hand EU ETS is one of the most important tools for cutting
the greenhouse gas emissions from all wide ranging facilities either in private or in the public
sector (also at a later point has covered the aviation sector). EU ETS was adopted back in 2003
by the EU directive. It entered for the first time into force on 16 February 2005 by the European
Union parliament, following confirmation by an adequate number of countries inside or outside
the European Union. It is regarded as a cornerstone in the battle against climate change and is
still the most significant carbon market internationally (European Commission, 2013). On the
other hand the ISO 50001: 2011 has three main benefits of money saving, resource
conservation and tackle of climate change (direct or indirect mitigate climate change impact)
playing already a vital role and being developed by several companies (Enerit, 2016). A more
recent concept called Zero Emission Buildings adopted as a vision and a target by industrial
sectors with similar targets (also in the domestic building sector). The zero or near zero emission
building concept brings in more transparent view the idea of producing at least the same
amount of energy consumed during a year of use (for electricity, heating, cooling or other fuel).
It is finding more application in the housing sector, but slowly steps into bigger scale projects.
Optimal thermal performance, daylight and solar shading systems, development of windows

and glazing systems and many other passive ideas solutions as of interaction between user
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needs, building services and better integration of renewable technologies included in a broader
list of actions for energy building independence (U.S. Department of Energy, 2015).

All this and many other tools and mechanism in the final analysis, reducing in a high degree the
energy needs of the big players and aiming a cleaner, sustainable future.

Linked with the aforementioned information, the environmental management field welcomes
now and then broadly synonymous concepts that target this drive towards sustainability. A
recently joined concept or industrial strategy named cleaner production is favoured by case
advantage of the tools, methods, technologies and many other factors imposing actions and
reducing energy consumption and raw materials. This concept prevents the extra waste
generation and finally could boost the financial profits and the productivity of the company. As
the most considerable advantage of cleaner production strategy can be identified that it does
not deny by any means the company growth. It is just insinuated that growth should be
achieved by ecologically approved methods (Nilsson, Lars Rydén, Darozhka & Zaliauskiene,
2007).

Earlier a more general approach has been demonstrated, but the topic holds our interest is by
far the idea of turning to an ecological solution in the private sector. Many thematic fields
planned to be included in the study comprise the renewable energy sector, energy efficiency,
cleaner production strategies, energy and environmental policies, a company’s ecological and
energy footprint and finally the smart and efficient buildings or in more widely context also in
cities (or otherwise said the surrounding environment).

A looking-forward idea like the concept of Sustainable Consumption & Production (SCP) has
evolved, in a repeating cycle process with principal steps of sustainable development minimizing
the negative environmental impacts of consumption and production systems while promoting
quality of life (see also figure below). Frequently used definition of SCP is: “the use of services
and related products which respond to basic needs and bring a better quality of life while
minimizing the use of natural resources and toxic materials as well as the emission of waste and
pollutants over the life cycle of the service or product so as not to jeopardize the needs of future

generations” (1ISSD 1994).
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Moreover, the International Institute for Sustainable Development list the underlying key

principles:

1. Improving the quality of life without increasing environmental degradation and without
compromising the resource needs of future generations.

2. Decoupling economic growth from environmental degradation by:

¢ Reducing material/energy intensity of current economic activities and reducing emissions and
waste from extraction, production, consumption and disposal.

e Promoting a shift of consumption patterns towards groups of goods and services with lower
energy and material intensity without compromising the quality of life.

3. Applying life-cycle thinking which considers the impacts from all life-cycle stages of the
production and consumption process.

4. Guarding against the rebound effect, where efficiency gains are cancelled out by resulting
increases in consumption.

(UNEP, 2011)

UNEP describes this Green Economy as “one whose growth in income and employment is driven
by public and private investments that reduce carbon emissions and pollution, enhance energy
and resource efficiency, and prevent the loss of biodiversity and ecosystem services” (UNEP,
2011). Overall, the concepts of the Green Economy and Green Growth should not be seen as
alternative definitions of sustainable development, but as specific pathways that can assist
countries in achieving sustainable development. Further resources effectiveness can be
accomplished by expanding resource productivity (value-added / resource use) or reducing
resource intensity (resource use / value-added). It is associated with strategies like
dematerialisation, such as fuel-efficient cars or zero energy buildings and many other creative
plans. All of them call for preserving resources so that future generations would never face
deprivation of them. Preferably, no manufacturer or service provider should avoid excess use of
raw materials if the same good or process could be made with fewer raw materials or any other

form of energy needed and thus at a lower cost (UNEP, 2015).
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Figure 12: Sustainable consumption and production holistic diagram (Lyngaas, 2016)

Emphasizing mostly on the resource efficiency, cleaner manufacturing and the waste
management and thus the energy demand as a subpart of this general goal of environmental
protection, the companies should follow exact energy policies set, carry out and maintained by
the responsible management. The development of a business energy policy in respect of the
company targets and ambition is a tricky and time-intensive procedure, since it has to re-
evaluate often depending on the circumstances. The energy policy must definitely state the
commitment to achieve energy efficiency improvement, and well-written statement of the
company's energy policy could enable the energy manager to act autonomously accomplishing
its goals. Simultaneously, it must be documented, understandable and received by all the
affected subjects (staff, suppliers, customers). Conjointly, a circular economy is a hot topic in
today’s scientific, industrialists and various decision-makers circles and straggling for a smooth
transition because it will not happen by itself. Plenty of companies have begun a circular
production design such as Timberland (turn tires to shoes), Johnson controls (recycles
batteries), Aquazone (turning wastewater into fertilizer) or Vigga (with a shared wardrobe for

children) (Benzaken, 2018).
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As per the European Parliament, the benefits of the switch to a circular economy will be
tremendous for the EU companies, save 600€ billion and a total greenhouse gas emission by 2-
4% (and as “side effect” more than 580,000 new jobs in EU only) (European Parliament, 2015).
The so called industrial ecology aspires to do the production and an enterprise in whole to
follow the path of sustainable development. The concept of an industrial system in which there
is no sign of energy leakage or resource waste, have created a network and activities fit into a
larger industrial system. For instance, one company could use a waste of other companies as
inputs, and in general they could make an effort to a dynamic collaboration with the intention
of each one of them to save as many resources as possible (Nilsson, Lars Rydén, Darozhka &
Zaliauskiene, 2007).

Similarly, the enhancement life of the society can potentially upgrade by the correct waste
management. These kinds of strategies are taking official form by the legal authorities and after
harmonization of the national laws began to pervade the local society. In the case of waste
proper management could not be different. The last few decades, several steps toward this
direction have been done not only in European level but also in international, increasing the
interest drastically from simple people till cooperative companies (European Commission,
2019b). The main goal of the waste management is first of all the public conform to the
important recycling and reusing practices and secondly the large industries or the substantial
public services to follow or upgrade their specific techniques concerning this major issue. A
straightforward hierarchy should be applied and follows out repeatedly the steps illustrated in

the next figure (Figure 13):

- N, PREPARING FOR RE-USE y

k. RECYCLING

., RECOVERY
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Figure 13: Waste management hierarchy (European Commission, 2019b)
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3.3. ENERGY EFFICIENCY BARRIERS TO INDUSTRIAL ENVIRONMENT

Unfortunately, the massive potential of energy efficiency and their benefits are not matched
with an appropriate level of company adoption. This “energy gaps” are seen in all economies
and the essential job of strategic policies should be to maximize the take-up on economic
opportunities given to reduce these gaps. This sub-chapter examines this kind of obstructions

both at the government level and within the stakeholder enterprises (Apeaning, 2012).

The Harvard Business Review (Harvard Business Review, 2011), has surveyed large enterprises
across the globe and discovered from these sources that are not commonly reported in the
energy management and energy efficiency sectors, but only to business and management
affiliates. Looking at figure 14 shows the top ten barriers that the Harvard Business Review saw
as impending. Seven out of ten were internal issues within the influence of top management
and controllable by the association itself, when the other three were more external to the

organization.

Internal reasons:

e Failure to assess the side effects and/or consequence of doing nothing
e Uncertainty over the viability of proposed energy savings projects

¢ Leadership attitudes towards avoiding new costs

e Insufficient collaboration among stakeholders in the company

e Corporate culture resistant to new ideas for improvement

e Financial constraints such as a high return on the investment required

* Poor innovation by existing suppliers and business partners (shorter barrier with 4%).

External reasons:
¢ Energy suppliers wanting to maintain the status quo
* The number and complexity of regulations

e Lack of government funding.
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Figure .Harvard Business Review Analytical Service barrier findings.
Source: Adapted from Harvard Business Review, 2013
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Figure 14: Harvard Business Review Analytical Service barrier findings (Apeaning, 2012)

3.4. PROCEDURES FOR CORRECTIVE AND PREVENTIVE ACTIONS

As explained before, an energy management system (EnMS) following some specific standards
is one of the best solutions to confront energy efficiency and similar type challenges. The basic
underlying of an energy management standard is to guide for the modernization of industrial
facilities and better integration of energy efficiency into their management practices,
comprising aligning production processes and upgrade the energy efficiency of industrial

systems (Ginley & Cahen, 2008).

In particular, an energy management standard offers to specialists best practices framework for
organizations to develop all that think viewed as imperative for the improvement of energy

performance (energy efficiency goals, plan interventions, prioritize measures needed and
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investments, screening and record results and guarantee continuity typifies some of them)
(UNIDO, 2009). Typical management standards (including energy management systems) are
designed based on Plan-Do-Check-Act (PDCA) four stage model, which cultivate an
organizational culture of better energy efficiency in every department by setting realistic goals

in a gradual and continuous manner (Figure 15) (UNIDO, 2009).

ACT

Implement the
Best Solution

CHECK

Study
Results

PLAN

Identify Your
Problems

DO

Test Potential
Solutions

Figure 15: The Plan-Do-Check-Act energy management cycle (MindTools, n.d.)

In brief the four phases:

I.  Plan phase:
A core requirement of an energy management standard is the set-up of an energy policy, which
entails the continual improvement in energy performance, in achieving objectives and targets,
support the purchase of energy efficient products and services and must be communicated if
updated to all employees. The European standard approved by CEN in 2011 states that in firms
without a plan in place, chances for improvement may be already discovered but may not be

promoted or fulfil because of organizational barriers. During that phase, an energy review is
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conducted in order to set up an energy baseline to compare old and new energy performance,
energy performance indicators (EnPls), objectives, targets and action plans to deliver the
improved energy performance outcomes. Therefore, an energy audit is conducted at the
beginning to predict both the present and past energy consumption of the facility and in a later

stage to examine the progress level of the ongoing scheme (BSI Standards Publication, 2012).

II. Do phase:
The next stage includes the implementation of the energy program by aligning activities of the
company with the equipment systems and processes to reduce energy usage. A prosperous
energy management program starts with a solid commitment to continuous improvement

(Worrell, Bernstein, Roy, Price & Harnisch, 2008).

Hence, it is involving the assigning of management duties and the creation of a cross-functional
energy committee in the Plan Phase. The initial step in an energy management program
involves the training of the organization workers and the supervisors at a large level. This step
serves the goal of building the needed energy management competence and informs all the
affected subjects. A proper move will be the creation of an energy manual or other form of a
sharing document. The process should be established allowing the employees to suggest
improvements to the EnMS and also defining roles, responsibilities and authorities (BSI

Standards Publication, 2012).

lll.  Check phase:
This phase gives the opportunity through monitoring and measuring the performance (by
conducting energy audits) to compare the objectives and the targets in terms of energy saving.
It is necessary to identify and analyse any budget shortfalls or implementation errors making
the needed corrections to realize the primary goals. For that cause the goals should be
quantifiable to facilitate the evaluation of improvements.
In later stages of the ISO application after exhaustively control or after internal/external audits,

the energy manager could be confronted with some energy goals failures due to non-
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conformities. This aberration from the future expected targets could be flattened out if some

corrective or preventive actions will be taken (BSI Standards Publication, 2012).

IV. Act phase:
The last step before this circle process ends up to the first stage and is called Act Phase and
involves management reviews of planned internal and external reports pertaining to the
performance of the energy management program. It is important for an enterprise to identify
the missed hotspots and to act upon them to become energy efficient (BSI Standards

Publication, 2012).

In a general context, the result of internal or external audits, monitoring and other checking
process almost always reveal that energy is poorly managed in the industrial area. An energy
efficiency gap could happen because of the low implementation energy efficiency measures.
Simultaneously disclose that the important barriers impeding the implementation of cost
effective energy efficiency technologies or measures in the surveyed firms principally stems
from rational behavior economic barriers, which are deeply connected with the lack of
government frameworks or enterprises have the tendency to sweep the problems under the

carpet.

3.5. TECHNOLOGIES APPLIED FOR ENERGY EFFICIENCY AND CARBON FOOTPRINT
REDUCTION

In large industries, energy efficiency can be improved by three different approaches as the next

below:

a) Energy savings by management
b) Energy saving by policies/regulations
c) Energy saving by technologies
(Abdelaziz, Saidur & Mekhilef, 2010)
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Although the first two have been analyzed sufficiently, on the last one, some additional
information is considered vital. Thinking of the increase digitalization of the industrial sector,
new requirement and approaches toward industrial building construction or renovation have
become an obligation. Especially in the EU industrial market, which shows off a good ecological
footprint, is unacceptable to hold out on these changes. In energy efficiency direction, three
cores upgrade targets of the building envelope, technical building equipment and sustainable

building systems are the most common. In a few words:

I.  Firstly, a modern envelope with the latest architectural solutions for insulation, sealing
windows and facades or,

Il.  Secondly, lighting, heating, hot water, ventilation and building automation system are
essential to go ahead or,

lll.  Lastly, as energy efficiency is an element of sustainability, the building construction and
operation works under a “Cradle to Cradle” design principle including a renewable
energy integration, optimized water management, daylighting, air quality, enhancement
of stakeholder’s well-being etc.

(Federal Ministry for Economic Affairs and Energy, 2015 - Federal

Ministry for Economic Affairs and Energy, 2019 -EE-Highrise, n.d.)

Nonetheless, there is no dilemma with which one should someone deal the most, the more, the
better. Currently, a plethora of available techniques divided into low, moderate or major cost
can be proposed and applied in any kind of industrial plant to attain the desired targets. The
proposed solutions are foremost accompanied by introducing intelligent systems and
secondarily by a gradual changing of staff bad habits. One of them or more together are
commonly applied by industrial companies producing significant amounts of products for the
mass market or locally, for the purpose of keeping competitiveness in high levels by radically
minimizing the cost production. Broadly speaking, all the methods as mentioned earlier are
proper to count on them in the primary stage and also good enough for the later stage (action
stage).

41



Notably, the large and medium-sized companies’ use a number of technologies which suit them

very well and have good economic and technical prospects. If they are not applied in the first

place, they could be used as a second line of defence against non-conformities and might help

to overcome possible deviations.

Namely, some of these methods are:

Vi.
Vii.

viii.

Xi.
Xii.
Xiii.
Xiv.
XV.

XVi.

Keeping low the evaporation rates

Recovering energy from any possible source (i.e. Vapor)

Energy storage systems

Mechanical filters

Automation systems

Using variable speed drives

Power generation from renewable energy sources

Power factor correction

Reducing start up time for boilers, conveyors etc.

Energy efficient equipment and appliances

Often perform maintenance of electromechanical equipment
Environmental friendly raw material

Waste material treatment

Training staff (seminar)

Collaboration between companies to exchange ideas and knowledge
Take advantage of the surrounding environment (passive building design)

(Sturma, et al., 2013)

The proposed solutions fall into several cost categories, but as a general rule, the low-cost

solutions are better to be implemented first before moving on the expensive alternatives.
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PART B: METHODOLOGY — DATA
COLLECTION

4. CHAPTER: RESEARCH METHODOLOGY

4.1. DESCRIPTION OF THE PROBLEM

To restate our research problem, it will provide us with useful information about the unsolved
guestion of high emission of unwanted greenhouse gases due to the undesirable energy leakage
occurring in any phase of the production procedure. This will bring out some concerns and
explain the rationale behind this study case. The increase of the production and the financial
benefits ensue from the energy efficiency upgrade is where this study emphasized the most. To
back up this assertion, based on internal performance tracking data, on average, a decent
amount of energy misses out every year is presumed to be found.

A pivotal point in the choice of subject was firstly the researcher's personal interest in this type
of environmental and company upgrade. Another reason for the topic selection was the
personal involvement in this specific medium size enterprise as an employee, where energy
intensive tasks taking place, structural and production gaps are offered for improvements and
the necessity of a multidimensional probe of the economic, technical and ecological aspects to

be fulfiled.

4.2. RESEARCH OBJECTIVES AND RESEARCH QUESTIONS

This thesis aims to:
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e |dentify in which way does the energy use and the carbon footprint affect public opinion
today and try to indicate the future impact.

¢ Specify or indicate the level of energy and carbon leakage of specific potential and scale
business.

¢ Highlight the energy leakage and point out where and in which way can be spotted.

¢ Indicate how the under investigation company should manage the findings in order to
become more sustainable and mention actions can improve the production/commercial
processes to achieve the goal of reduced energy consumptions and waste.

¢ It will give prominence to the available techniques and innovative ideas in the field of
renewable energy sources and green buildings design be combined so that a better result
can be achieved.

e Finally, will emphasize on the economic, technical and ecological impact of the best case

scenario, where all the proposed solutions are implemented.

4.3. METHODOLOGICAL APPROACH TOOLS

The qualitative case study methodology, chosen as the research method, provides the tools to
study complex phenomena within their contexts. When the research approach is applied
accurately, it becomes a valuable method to develop thorough a theory or evaluate a program,
and then to develop well-pointed interventions (Baxter & Jack, 2010).

The information acquired using qualitative data collection methods can be utilized to discover
new ideas, opportunities, and issues, test their worth and accuracy, formulate forecasts, explore
deeper a particular field more, and explain the numbers gathered up using quantitative data
collection techniques. This information is not estimated using hard numbers so charts and
graphs can be created, but they do not close the door on them, something that serves our
cause. They pose and at the same time answer the question “why” and are open-ended until
further research one day will be conducted. In general, the qualitative research data is suitable
for theorizations and hypothesis development for the company energy profile gaps and
concurrent afford an initial understanding of corporation energy efficiency concepts.

Ultimately, qualitative data are meant to generate through the following methods:
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e Texts and documents
e Images and symbols

e Observations and notes

(Pickel, 2019)

The methodological approach tools for carrying out the study grouped as follow:

1) Read background material

2) Observation and unobtrusive data collection, similar to a preliminary industrial energy
audit, to record all the potentially important information:
All the factors determine the manufacturing process from the hot water needed to the
paper recycling will be taken into account.

3) Exploitation of business-ready material (publicly available or not).

In brief, the main milestone phases of our research will include: estimation of the background
energy footprint and carbon footprint in a selected company / commercial building / industrial
building, analyze the re-design plan, its characteristics, suggested improvements, expected
results, then follow a Cost-Benefit analysis of suggested options, estimation of carbon footprint
reduction from suggested options, estimate the new energy & carbon footprint combined from

all sources and improvements and an estimation of energy and money savings.

4.4. COST BENEFIT MODEL AND FRAMEWORK

A key objective of this study is to compare the costs and benefits of a future intervention to lead
some positive changes, but this must be by any mean financially viable.

The cost-benefits analysis (CBA) aims at identifying and valuing the impacts of a project in terms
of their effects on social well-being, comparing the positive effects (benefits) with the negative
effects (costs).

The essential theoretical foundations of CBA are:
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= Costs and benefits (money spent versus energy saved) are declared in monetary terms to
make comparisons.

= The present value of benefits must exceed the present value of costs.

= The gradual methodology is adopted (comparing the scenario with the implemented

changes with a counter factual baseline scenario without the implemented changes).

As long as there is no “standard” format for performing a CBA, some core elements are often
presented across almost every analysis. By using the most well fitted structure of our situation
or sometimes by using commercial tools a right end result for safe decision can be produced.
Targeting a broad view of costs and benefits the below points illustrate the general steps

characterize the process:

1. Set up a framework to summarize the parameters of the analysis: An accurate analysis
requires first the establishment of a framework based on the under examination company. In
the present case the main goal and objective trying to address with our enhancement
proposals, in order to be successful has to cover two basic needs. In the first place should be
financially viable for the enterprise and at the same time should lead to a noteworthy energy
use reduction that lead inevitably to an environmental friendlier image of the company. A
common tactic is to establish a “common currency” to compare more accurately those two. For
instance, € spent/CO2 avoided.

2. Detect all costs and benefits so they can be arranged by type, and intent: This step it is
essential to go beyond the obvious. Except of the direct costs, other cost categories you must
account for, if arise from the propose changes, can be: indirect costs, intangible costs that are
difficult to quantify like reduced customer satisfaction or improved employee morale. Lastly,
some opportunities cost happens due to the new strategies.

3. Assume lifetime of the project/initiative and then calculate total costs and benefits:
Depending on the circumstances and the kind of system or strategy willing to apply the lifetime
should be accordingly predetermined.

4. Make a comparison of cost and benefits by utilizing the aggregate information: After that,

tally the entire value of benefits and costs. A simple assessment of cost-benefit and project
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decision without running back to the framework step does not deem as correct. If the goals

marked are successful, then it is ok to proceed further, if falling short, then alternatives have to

seriously be considered. As an example same amount of capital investment could bring better

environmental results, when plowed into a different technology.

5. Analyze the outcome and make some final recommendations: As a last step, a short

comment about the results and recommendations to improve them is always welcomed.
(smartsheet, 2020 - European Commission, 2014.a - Harvard Business School

Online, 2019)

Our focus will be on the financial analysis, including the investment cost after the proposed
measures, the operation and maintenance cost (O&M) and the revenues from the energy-
efficient consumption. In addition, the economic analysis comprising the produced social
benefit analysis, which are mainly linked here to the CO2 emissions in tonnes of carbon dioxide

equivalent (tCO2e).

Also for a better performance of a CBA, some preliminary methodology choices were made:

i.  The reference period considered in this analysis is adapted by case to the minimum of
the years anticipated the system to last, so as to evaluate the environmental and
economic effects during the system implementation as well as its good expected
outcomes after the implementation.

ii. The residual value is set at zero since it is assumed that at the end of the reference
period the new installations and machines will have given almost all their potential, thus
the market worth will be insignificant.

iii. A correct social discount rate the investment is crucial and Lurse estimated a social
discount rate for Germany banks finding that a 2.33% p.a. in 10 year average rate would
be appropriate. Although, better regulation guidelines state “the recommended [real]
social discount rate is 4%".

(European Commission, 2014.a & European Commission,

n.d.)
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5. CHAPTER: DATA COLLECTION

5.1. DATA COLLECTION CHRONICLE

Data were collected during the spring semester of the 2019/2020 academic year. One of the
very first steps was the preparation of a checklist with all the materials considered valuable for
our study. With this in hand, i got in touch with the head of the department, who is responsible
for managing topic related to the building operational qualification. After giving us the
necessary permission and after agreeing wth all the terms and procedures to be followed, he
gave us access and let us keep a record of the useful information in order to evaluate better the
operational conditions of the company.

Beside with data for the period of our interest before and during the audit, other energy
historical and production data have been collected before the beginning of the walk through

audit process.

More specific,

I.  Energy bills and invoices for the last 2 to 3 years,
II.  Monthly production data for the last 2 to 3 years,
lll.  Architectural and engineering plans of the plant and its equipment,
V. General information about the plant (year of construction, ownership status,
renovations, types of products, operation schedule, operating hours, etc.)

V.  Status of energy management and any energy-saving measures implemented

After a preparatory review of the data gathered, one test audit was conducted. Identify the
parts of the enterprise should be examined and have a general picture of the plants energy use,
operation and energy losses. After giving a final form and refreshing the key points, the main

audit was ready to go underway. At the suggestion of the head of the department, the
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preliminary audit took place one day, where the company was in full operation. The production

process and energy consumption were subtly documented.

5.2. DATA COLLECTION, OTHER PROCEDURES AND GOALS

First, as earlier explained, the direct observation is one of the most passive qualitative data
collection methods, whereby the data collector can take a more participatory stance, watching
and meanwhile taking down notes, photos, and so on. Always hoping for the best possible and
unbiased record keeping, without affecting the naturalness of the actions being observed.
Secondly, the content analysis embodies data that are already available and supports the
primary hypothesis. Various documents from different sources, to be more reliable, are meant
to be used in this case, such as expert research articles, approved government reports, and
online data sources. All this information will be cross checked with the data acquired from the
company under investigation and will complete the puzzle of carbon footprint and energy

efficiency correlation.

A brief chronicle of how do the data have been gathered will be provided in the next chapter.

Our intention is to include in the data underneath:

I.  All energy sources used by the company and their billing data over a set period.
II.  Electricity loads for the inner workings like goods manufacturing, cooling loads, hot
water needs and gas for heating.
lll.  Information relating to hot water systems and space heating and cooling.
IV. Lighting appliances used within the property (interior and exterior). Space occupancy
raises the energy required.
V.  Electrical appliances used in both kitchens.
VI.  Number of people and their working hour. Energy demands in proportion to their office
duties and their daily routine at work.

VIl.  Company optional amenities and their loads (here dressing-room).
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VIll.  Departments of the company and energy requirements originate from their tasks (PCs,
air-compressors, lacquering of printed circuit boards or test equipment, indoor air
system, data server, etc.).

IX.  Physical characteristics of the building, type, size, material, roof type and shape,
windows and indoor climate.

X.  Surrounding environment description (vegetation, other buildings).

Xl.  The materials go for recycling or discarded (paper, shipping box, broken electrical goods
of the -company, garbage’s, montage metallic pieces, spare cables, plastic and glass
parts).

Xll.  Old Energy performance certificate or EPC (if existing)

(Ambrose & James, 2017)

After that point, the main idea of an energy audit will be followed, but with a different way of
execution in harmony with our case study (Hasanbeigi & Price, 2010 - CIPEC, n.d.). An overview
of the adapted to my needs industrial type audit, planned to be held includes the following

steps and their substeps presented in figure 16 below:

Figure 16: Overview of industrial type energy audit planned to be conducted
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All previously presented, comprise the steps of a shorter and partially completed audit, because

my energy audit part, will end up at an earlier point or better articulate it will skip some steps.

For the purpose of making our points more obvious, the steps given above are concisely laid out

in the next table 01:

. ’ . . i Comparative Cost-
Checkistpreparation CoIIectmg. energy bills Preliminary analysis Datainventory | Analyzing energy use Id.ermfyl ng enerFy performance Benefit
and available data and measurements and patterns efficiency potentials . .
analysis Analysis
Preparation of an audit [Historical data Ithelpstobetter  |Isone of the main  [The load requirements |There are various energy [Past performance vs |For further
checklisthelpsusto  |collected at understand the activities of energy |of all the electricity- ~ [systems that can be Best Practices: information
conduct asystematic  |the beginning of plant by providinga [auditing. Without |using equipmentina |found in almost all qualitative , referto
.5 and consistent audit  |the process general picture adequate and plant, it can be useful ~ |industrial plants suchas {comparing against |sub-chapter
§. include steps to be of the plantenergy [accurate data,an  |for determiningthe  [motor systems, steam  [certain, established [4.4.
g taken for the energy use, operation, energy audit cannot|characteristics of the ~ |systems, compressed-air |practices or groups
0 |audit. and energy losses.  |be successfully  |powerrequirements  |systems, pumps, and fan |of technologies
accomplished. and for understanding |systems. These are so-  |considered to be the
the power supply called “cross-cutting”  [best in the industry.
£conomics. technologies.
Data and information ~ [Energy bills and invoices, |This effort provides [Some data are Load/Demand profile ~ |Cross-cutting Past performance vs |For further
needed, required monthly production data, |enough information |readily available  [Electricity loadscan  |technologies that can be |Best Practice tables |information
measurements, basic ~ [architectural and toundertake any  [and can be change over time further analyzed if ,referto
T |equipment to be engineering plans of the  |necessary changes |collected from based on changesin  |applicable or not. sub-chapter
§ assessed, list of sections|plant and its equipment, [inthe auditplan.  [different divisions |end-user demand. 44
g should be included.  |status of already existing of the plant being
L] energy-saving measures audited. Some
8 and general information other data can be
about the plant. collected through
measurement and
recording.

Table 01: Preparation for the energy audit and energy audit execution steps
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PART C: CASE STUDY
IMPLEMENTATION - ANALYSIS -
RESULTS

6. CHAPTER: CASE STUDY IMPLEMENTATION

6.1. COMPANY PROFILE AND BACKGROUND

The research sample will be an international company comprised of over 150 employees
located in North Germany and its professional portfolio includes, but is not limited to aircraft
cabin electronics, comprehensive electrical engineering services, electronic design, and
certification services. Beside the manufacturing products, services and other challenges
handling in the aviation sector is also developing products enduring success in the maritime
sector. The headquarter is in the technology park directly adjacent to the Bremen Airport,
where the majority of the production process occurs. The twin buildings sheltering the
company, and the energy consumptioned will be under examination. The prevailing climatic
condition is moderately continental characterized by cold winters, with average daily
temperatures around 0 °C (32 °F) or slightly above, and warm summers, with maximum
temperatures around 22/24 °C. Bremen is slightly milder, but it is also rainy and windy because

of the influence of the North Sea (maritime climate) (Climatestotravel, n.d.).

The twin buildings consisting of two floors and are split into different departments. The first
floor shelters mainly offices for the engineering, sale, administration and some other departures

too. One main kitchen, one ancillary and six restrooms. In addition, the ground floor shelters
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primarily the manufacturing department, depot, the management and development
departments, some auxiliary rooms (for servers, heating system, and ventilation system), four
restrooms and two dressing rooms.

In the near term, the European Union countries will keep up to lead as providers of electrical
and electronic goods. Between 2000-2008, a steady increase has been observed and struggling
to remain competitive in the long run, but with the strong competitiveness coming from the Far
East like China and Japan or South Korea is expecting a further loss of market ground. On the
electrical good sector, the impact on the environment tend to be smaller and energy efficiency
is much less of concern, hence the statistical probability of ferret out tremendous energy

leakage is also minimal, nonetheless still important (European Commission, 2014).

6.2. DATA EXPOSITION

After the company profile description, the next step will present some basic information and
other official documents provided by the company over the current condition of the company
looking back at the past. Almost, over a year ago, to have a retrospect of the energy needs of
the company and down the road to correlate all the data exposed here with the refine scenario

and put the business plan for the sake of the environment together.

To get started with the data exposition, the planting plan illustrates the grounds of the
enterprise and its surrounding environment (Appendix A.1.). The plan demonstrates that the
company already cared about the nearby vegetation and beside the necessary parking spots has
planted different types of tree species, something that is always a plus for the company’s eco

profile.

Also, right below, a site plan of the buildings (Lageplan), a report of the building operation
(Anlage Betriebsbeschreibung) and an urban planning have been provided (Stadtebauliche
Kennwerte) (Appendix A.2.). The useful information that can be tracked down is the operating
time (Betriebszeit) between 07:30 and 18:30 daily, except weekends. In addition, the

operational activity (Tatigkeit), which is design and development and manufacture of
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aeronautical systems. The type and quantity of substances used in the company (Art und Menge
der beim Betrieb verwendeten Stoffe) are circuit boards, cable and housing made of metal. The
operational waste (Betriebliche Abfallstoffe), which are purely solid and presenting a short
description of workrooms and social rooms as well (Arbeitsraume and Sozialrdume). Finally, the
urban planning provides information like the gross floor area (Bruttogeschossflache) of the
ground floor (Erdgeschoss) and upper floor (Obergeschoss), which for both are 2,544.76 m?
(1,272.38 m? each). The total gross room volume for the whole building is 10,051.80 m3 and a
breakdown of the area per working room (Flachennachweis) and also two more ground plan

drawings of the first (A.3) and ground floor are given (A.4).

Moving on, the electricity consumption and cost as statistically gathered by the company for the
last 5 years (Appendix B.1). This short analysis, displays the electric energy needs of the
company and the capital spent to cover that fundamental need. The consumption and the price
as well go up and down, but at the end of every year the final consumption turns out to be at
the same level. For example, in 2018 the energy consumption was measured at 261,340 kWh
and cost 43,912€ or in 2019 was measured at 263,404 kWh and cost 50,516€. Beside, an
information feature of exceptional interest, is the electricity load profile measured every 15
minutes in a typical working day (B.2) showing that energy is also absorbed outside of the
working hours due to background processing, stops rarely running (company server, pcs, fire
and security systems etc.). In the end, it is presented the consumption of natural gas and the
occurred cost during a one year period from 04/2018 until 04/2019 and measured at 121,138
kWh purchased for 5,558.31€ (B.3).

Moreover, it has been provided a layout diagram of the light fixture and a photo of the
fluorescent lamps that will concern us later (Appendix C.1). The right choice of windows and
insulation material type and of course form, offers good thermal insulation and constrains the
heat exchange between the inside and the outside environment. Therefore, the U-value
(defines the heat loss of the buildings, which should be as close as possible to zero) is illustrated

for the external walls and windows (C.2). Right below, an annual energy demand evaluation
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report (C.3) and the overall energy needs per month (C.4) have also been provided, indicating

the good thermal factor of the company.

Other information or supplementary notes worth mentioning are the below listed:

X/
L X4

0

X/
L X4

The hot water needs are covered by small electric water heaters under the kitchen or
bathroom sinks (Appendix C.5). Hence, no extra data could be collected.

The recycling segregation process followed by the company is to divide the paper,
plastic, glass and rest garbage’s in different bins. Additionaly, existing two bins only for
photocopies and other documents. Lastly, the manufacturing department doing
electronic scrap recycling and small diameter cable recycling. As a rule the faulty
materials are given back to the suppliers.

Unlikely, data like monthly or annual quantity of goods manufacturing has not been
given by the company. The same holds for any information related to capital gains, even
though the sale of the products or other engineering services offered by the company.
Thereby, the link of energy saving measures to the product or gross profit to develop
metrics is not feasible (e.g. kWh/sold products, GJ/annual gross profit, etc.).

The cooling load is a part of the electricity load profile (Air-Condition) and no extra load
profile is available.

The kitchen appliances (fridges, microwaves, dish machines and the electric ovens) are
all up to date and of high energy class.

No extreme heat or other energy leakages during the manufacturing process could be
identifed. Processes like burn-in (electrical stress test of products), lacquering of printed
circuit boards, the high voltage test or even the simple function tests absorb a descent
amount of electricity, but there is no big room for improvement there because they are
all of them already automatize.

No energy performance certificate was available.
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7. CHAPTER: ANALYSIS AND RESULTS

A benchmarking involving the energy efficiency of a company is intended to assess the energy
performance relative to its own past performance or even against competitive companies. Yet
another target has been the assessment of the energy performance improvement after putting
into action the improvement measures. This section of the study brings into a clear view of the
facility-level that allows managers to prioritize poor performance practices and make them
consider their option for more attractive enterprise transformations. This benchmarking is
available in several ways and the methods would be applied on the basis of company realm or

scale and may be:

¢ Internal or Past performance: Make a comparison of current versus historical performance.

* Industry average: Make a comparison using an established performance metric, like the
average performance of a peer group.

¢ External or Best in class: Make a comparison using not the average, but against the best in the
industry market.

e Qualitative or Best Practices: Make a qualitative comparison against certain, established

practices or groups of technologies deemed to be the best in the industry.

(Hasanbeigi & Price, 2010 - US EPA, 2010)
In order to stand behind the idea aspire to prove, the most fitting benchmark will be the best
practice method/qualitative method to have a yardstick of energy performance in this specific

type of company, which constitutes the backbone of the study and simultaneously achieving a

very good connection between literature review and case analysis.
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7.1. BASELINE SCENARIO OF CURRENT SITUATION

Building up an energy use and energy intensity baseline pattern is a significant method, to begin
with the management of the corporate energy. This enables us to create a baseline for making a
year after year efficiency investment return. Hence, all the information collected will come now
in handy and the minimum energy performance of the last 12 months will give us the starting
point for setting energy improvement objectives just as a comparison point for assessing any

future endeavour that upgrades the overall energy consumption performance.

As a rule, a key point of a baseline diagram can be the calculation of the total reductions in
energy consumption, including kilowatt hours per year and cubic feet of natural gas per year,

which in this case is the best applicable too.

Important Notes:
1. The average electricity industrial tariff in Germany was almost 16 ct/€ per kWh (see also
figure 17).
2. One cubic feet of gas is equal to 0.29 kWh (1 m3=35.3147 ft3).
3. Natural gas price for business purposes in Bremen and customers with an annual
consumption up to 150,000 kWh is net 0.0513 €/kWh and the gross price is 0.061 €/kWh (SWB
Erdgas plus).
4. The average emission factor of CO2 in Germany is 0.560kg CO2 per kWh.
5. Average natural gas CO2 is 53.06 kg per mmBtu or 53.06kg per 1mcf (1,000 cubic feet) and by
burning natural gas is 0.185 kg/ kWh.
6. Each tree is assumed to absorb 23kg of CO2 throughout its life.
7. Metric units of CO2 in Kg/kWh saved to identify the environmental profits.
(Nelson, 2017 - Amelang, 2019 - US EPA, 2014 - SWB, 2019. - CarbonIndependent.org,
2019 - Norsk olje&gass, n.d.)
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Development of industrial power prices in Germany
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Figure 17: Industrial power price in ct/kWh in Germany 2018 (Amelang, 2019)

Having a deep understanding of the current condition encountered in this business, leads us to
deal with the high amounts of energy utilized for heating in the form of natural gas or the large
amount of conventional electricity used for diverse in-company activities and more pointedly

the lighting system and a partial electricity self-sufficiency.

7.2. ALTERNATIVE SCENARIOS PROVIDE BETTER ENERGY EFFCIENCY

As stated in chapter 6.2., the production processes following the company does not hide out
any extreme energy loss and for that reason, the attention will be focused on green energy
production solutions (weak scenario 2 and strong scenario) and secondary on an energy building
saving measure (weak scenario 1).

The case study is split into two parts, the technical part with appropriate energy performance
indicators and the economic part consisted of a financial profit analysis, which is obviously
coupled with the technical part. This way, is much easier to put in order the calculation needed
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so that the project objectives can be carried out. By adjusting the baseline scenario and
proposing two alternative scenarios, one weak constraint and a second stronger constraint, will
give a more realistic-look of the connection between energy, cost and as a natural consequence
the proportional reduction of CO2.

The weak scenario, pursue the economic development of the company, but achieving in
meanwhile the energy saving and emission reduction plan formulated by us below but with a
more moderate implemented solutions. The target is, through some low cost ideas to reduce
energy consumption by 1% every year for the next 10 to 20 years. Under the strong scenario,
the changes should not be financially unattractive, and some more “aggressive” methods will be
practiced aiming a total reduction of 2% every year in the long run, again in 10-20 years. The
reference time point, which all the progress is measured is the baseline year and the financial
investigation will be based on the German tariff rates as the subject of examination is located

and do foremost business with other German firms (Li & Dai, 2019).

7.2.1. Technical analysis

Weak Scenario:

All the changes proposed further down on one side will bring a slight improvement in the
overall energy requirements of the company and on the other side are financially affordable.

The three upgrades were thinking to use, are given below:

1) Replacement of all fluorescent bulbs to high efficient led lamps (conventional

electricity reduction)

To start, the choice of LED lamps for office use instead of the older technology of fluorescent
hanging on the ceiling tile has plenty of advantages. First of all the efficiency of the LED lamp
ranges from 37 to 120 Lumens/watt or even more as the technology is continuously developed,
when the Fluorescent has 50 to 100 Lumens/watt. Secondly, they characterized by great

lifespan range from 25,000h to some cases 50,000h before the lamp replacement (payback
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investor over time), when the typical fluorescent have an average lifespan of 7,000h to 15,000h.
Another pro of the LED is the ability to turn on/off without flicker and instantaneously respond.
The only category of LED lighting is not taking the lead is the buying cost. A fluorescent
depending on the technology costs 2€ to 30€ for 100w, when the LED lights require for the
same rating 10€ to 20€ (StouchlLighting, n.d.).

The company has the commonly used 4-ft-long tubular lamps of 8/8-in diameter (T8 type),
which could be replaced by the T8 linear LED lighting system. Comparing to the fluorescent and
according to several studies, a 40% energy save can be achieved having numerous positive side
effects like better visibility, mood effect, color appearance and of course work performance
(factors that are not here easy expressible in numbers). Last but not least, factoring in the
potential of fluorescent lamps to emit toxic gases when discarded, the frequency of
replacement and the much lower efficiency, tend to emit up to 60% more CO2 emissions in

comparison to the LED solution (Goonasekara & Kjaerboe, 2012).

Unfortunately, the exact energy absorbed by the fluorescent lamps cannot be monitored
because we have at our disposal only the overall electricity consumption in a year. In order to
back up our assertion, the space analysis of both buildings will be used to hazard a guess of the
lamp units require replacement and then to estimate the energy saved and at a later point to

conduct the financial and cost benefit analysis. Hence, (Table 02):

LIGHTING
Total area of both buildings 2 x 2,544.76m?=5,089.52m?
Area might use fluorescent units 4,000m?
Average Lumen required per m? (office) 500 Lumens
Total Lumens 2,000,000 Lumens
Maximum hours of lighting needed in a year 4h x 240days=960h
Typical T8 Fluorescent Unit Consumption 3x32w=96w (3x2,500lumens=7,500)
Fluorescent Units of 96w required 266 units
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Fluorescent expected annual consumption

24,515kWh

Fluorescent Lighting Cost

0.21€/kWh x 24,515=5,148€

Typical T8 LED equivalent lamp

3x17w=51w (3x2200lumens=6,600)

LED Units of 51w required

303 units

LED expected consumption in a year

14,835kWh

LED Lighting Cost

0.21€/kWh x 14,835kWh=3,115€

Energy Saved 9,680kWh
Proportional Energy Saved 39.5%
Money Saved annually 2,033€
Proportional Money Saved 39.5%

CO2 Avoided Annually

9,680 kWh x 0.56kgC0O2/kWh=

5,421kgC0O2 or 5.421 ton

Table 02: Lichting analysis (Jappah, 2018 e Bristol Sparky, 2020 e Stravoravdis, 2013 e StouchLighting,
n.d. e ShineRetrofits, 2017 e Jayaweera, 2014)

2) Solar thermal system for space heating (conventional gas reduction)

Especially in winter the demand for space heating is essential to achieve the best possible
thermal conditions for the employers, and as the summer is coming closer, this need is slowly
declining. The rooftop has enough space to “host” the solar thermal collectors to back up the
existing gas system during the cold winter months (see also strong scenario relevant analysis).
Usually, a typical close loop installation for a solar thermal project in a house or a small scale

company includes the following basic components:

1. The solar thermal collectors. Divided into three subcategories the flat-plate collectors,
the vacuum flat plate collectors and last but most expensive version, the vacuum pipe
collectors. Undoubtedly, it is one of the most important parts of the system and should

carefully be chosen according to the expected results.

61




2. The storage tank. The second component beside the solar collector is considered very
important, since solar energy is a time-dependent energy solution. The energy needs
cannot easily synchronized because the most demanding periods are during the nights.
As a rule, the absence of sun automatically creates the need for energy storage until the
energy needs meet the substantial share. For the majority of solar thermal systems, the
sensible heat of stored water is preferred.

3. The next and vital component is the heat exchanger. This mechanical device is useful for
thermal energy transfer and commonly used at different temperatures between a solid
surface and a kind of fluid or solid particulates. However it is used mostly, as a heat
transferring method between fluids without any other interaction like external heat. In
addition, the performance should be as high as possible, with very low pressure and in
case of storage tanks frequently is used as an internal component (spiral form).

(One Community, n.d.)

Some small components will also be used, like hot water mixing valves, safety valves and air
eliminators to avoid the negative effect on the mass flow of the system. Additionally, some
pumps, safety valves and a central electronic controller (AEE INTEC, 2009). The previously
described components are represented in the next schematic diagram (Figure 18). Of course,
there are always some smaller components, but there are not playing a crucial role in the
system being relatively cheap (for example mounting material like screws, metallic bases etc.).
Regularly, a commercial system nowadays offers daily during the winter, water with
temperature about 50°C, which is enough space heating, with a maximum of 55°C are required

for a radiator thermal system at design weather conditions (Radson, 2012).
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Figure 18: Schematic diagram of the basic components of solar thermal system (Net Green Solar, n.d.)

After the first step, the analysis regarding the heat loads of the company dependent on time will
make obvious, how big are the demanded loads and which time of the year what percentage
will contribute the solar system to the total calorie consumption needed. A basic thing to know

before any further analysis is the analogy between the electric KW to thermal Kcal/h:
kW= 0.001163 x Kcal and Kcal= 859.84 x kW

The buildings thermal insulate is at normal level because of the construction, which is build up
some years ago. Important also for the calculation is considered the perimeter around the
building, which is free of obstacles like walls and other buildings meaning bigger indoor thermal
factor. Finally, the height from the floor to the ceiling in the ground floor is 3.1m and in the first
floor is 3.3m. Presuming that not the entire place requires heat, after obtain the space sizes

given by the company, the area requires daily heating:
Ground floor both buildings: 730m? x 3.3m x 2 buildings=>4,818m3
First floor both buildings:  580m? x 3.1m x 2 buildings=>3,596m?3

Thus, 8,414m?3 of total 20,103.6m3 (10,051.80m? total area of each building).
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In order to calculate the final calorie consumption per hour we could use the following

equation:
V x K x C=Kcal/h
V= size in m3

K=Thermal insulates factor (2.5 for normal insulate, 2 for very good and 1.5 for excellent

insulate)

C=target temperature in comparison with the external ambient temperature (worst case

scenario)

And as an example: 8,414m3 x 2 x (21°C - (-3)°C)= 302,904 Kcal/h

To make this more accurate, based on the average temperatures in the city according to google

weather, the following table (table 03) was created:

Kcal per month

V (heating spaces C (Temperature Diference) Demands during working needed
TEMPERATURE TEMPERATURE WORKING HOURS WORKING HOURS size) K(Thermal  Target Temperature-Mean hours (Kcal) (Kcal/h*hours*work
MIN (°C) MAX (°C)  PER DAY (HEATING) PER DAY TOTAL (h) 8414m* factor) average Temperature VxKxC=Kcal /h days)
MONTH i.e. 21°C - (Max temp+Min temp/2)
JAN r -1.0 4 07:00-16:00 75 8,414.00 2 19.5 328,146.00 49,221,900.00
B -10 5 07:00-16:00 7 8,414.00 2 f 19 319,732.00 44,762,480.00
MAR 1.0 9 07:00-14:00 6 8,414.00 2 f 16 269,248.00 32,309,760.00
APR 3.0 13 07:00-12:00 4 8,414.00 2 [ 13 218,764.00 17,501,120.00
MAY 7.0 18 00:00:00 0 8,414.00 2 n.a. n.a. n.a.
JUN 10.0 21 00:00:00 0 8,414.00 2 n.a. n.a. n.a.
JUL 13.0 23 00:00:00 0 8,414.00 2 n.a. n.a. n.a.
AUG 12.0 23 00:00:00 0 8,414.00 2 n.a. n.a. n.a.
SEP 9.0 19 00:00:00 0 8,414.00 2 n.a. n.a. n.a.
ocT 6.0 14 07:00-12:00 4 8,414.00 2 f 1 185,108.00 14,808,640.00
NOV 3.0 8 07:00-14:00 6 8,414.00 2 f 15.5 260,834.00 31,300,080.00
DEC 0.0 5 07:00-16:00 75 8,414.00 2 f 185 311,318.00 46,697,700.00
Annually energy
for heating (Kcal) 236,501,630.00
Annually energy
for heating (Kw) 275,167.75

Table 03: Annual energy demands in Kcal and in kW
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We shall not forget that the consumer needs are different from one person to the other and
there are many of factors we that should take into consideration to approach the internal
thermal comfort in working places. As a consequence, to regard those numbers approximate

and as much as possible close to reality.

The next part of the project regarding the size of the install system and the energy yield that can
offer proportionately with the working time of the installation seasonal and per day of work is
going to be introduced. According to the consumer needs, during a cold winter day the energy
demands on average get close to 492 kW so that the system can warm up adequate the water
and meet the owner's expectations. Important notice, that for every kW given by the system we
gain around 860 Kcal/h. That practically means, if we would like to achieve a minimum target of
50% solar thermal energy production by the collectors, the solar collectors must be the vacuum
pipe collector type and the size of installed collectors should be coming up to 51m? (Northern

Lights, 2017).

The climate in North Germany and the annual average irradiation having an optimal angle is
about 1050 KWh/m? (Figure 19). The collectors planned to be used, on the one hand, are more
expensive, but on the other hand, as the temperature differential between the ambient
temperature outside and the operating temperature inside tending to be bigger this type of
solar collectors become the obvious choice and offers an efficient up to 70% for water
temperature at 50°C (Ahmad Al-Nimt et al.,, 2017) (Figure 20). Additionally, due to their
cylindrical design they operate better with less reflection, especially in locations where the sun
not only during the day, but also during the year has considerably angle changes (Figure 21). To
continue the study, if a 102m? collectors will be installed on the building's rooftop with the
optimal winter performance, then the system will contribute during cold winter months
(December until February) an average about 1.44 KWh/m? and in the table above is visible, how

much is the average contribute per month (Table 04):
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MONTH
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
ocT
NOV
DEC

Average irradiance
(KWh/m?)

1.23
2.1

2.81
3.59

3.67
3.76
3.72
2.98
21

133

System performance
70% for 50°C hot water
(KWh/m?)

0.861
1.47
1.967
2.513
2.8
2.569
2.632
2.604
2.086
1.47
0.931
0.7

System
contribute
Kwh*51m?
(KWh/m?)

43.911
74.97
100.317
128.163
142.8
131.019
134.232
132.804
106.386
74.97
47.481
35.7

System

Daylength and System contribute per  contribute per
productive hours (h) day of use (KWh) month of use
(Kwh)

7 307.38 9,528.69

8.5 637.25 17,842.86

10.5 1,053.33 32,653.18

12 1,537.96 46,138.68

13 1,856.40 57,548.40

13.5 1,768.76 53,062.70

12.5 1,677.90 52,014.90

11 1,460.84 45,286.16

9.5 1,010.67 30,320.01

8 599.76 18,592.56

7.5 356.11 10,683.23

7 249.90 7,746.90

Total energy
producted (kWh) 381,418.26
Total energy used
exclusively for heating 143,186.10

(kwWh)
Total energy
used for heating (Kcal)

Table 04: The system contributes during a year

System
contribute for
heating (kcal)

8,193,146.23
15,342,004.74
28,076,513.30
39,671,882.61

n.a.

n.a.

n.a.

n.a.

n.a.
15,986,626.79
9,185,864.18
6,661,094.50

123,117,132.35

For the creation of the previous calculation of the monthly effectiveness of the collectors a solar

irradiance calculator has been used (Solar Electricity Handbook, 2017).
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Figure 19: Annual irradiation Germany (Solargis, 2011)
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Solar Collector Efficiency Curves
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Figure 20: Solar collectors efficiency curve (Solar solutions, n.d.)
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Figure 21: Evacuated tubes working principal (Apricus Solar Hot Water Systems, n.d.)
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Matching of demands versus energy production and auxiliary system contribution:

Obviously, extra energy support from another source, other than the solar system, is required to
satisfy the energy needs, especially in winter when solar energy is not stable. This source, for
instance, is the already existing natural gas heater and this can be seen in the schematic
diagram given above (Figure 18), where the gas boiler contributes to the system to achieve
easier and at relevant times the right water temperature. In the following table is described the
percentage of the power coming from the system and what part is coming from the auxiliary

source in comparison to the demanded thermal energy (Table 05):

Total cost for natural

Monthly needs Monthly needs Percentage of the Extra cost gas without solar
Monthly needs ~ Monthly contribute Monthly contribute  for heating satisfied for heating satisfied solar system contribute, for natural gasin€ system.
for heating (Kcal) of solar system (Kcal) of auxilary system (Kcal) by solar system (%) by auxilary system (%) available for kWh x price per  [Total needed Kcal +
other hot water needs kWh (€) (859.84 keal x 0,0610€
per kWh)]
JAN  49,221,900.00 8,193,146.23 41,028,753.71 16.65% 83.35% 0.00% 2,910.72€ 3,491.97€
FEB  44,762,480.00 15,342,004.74 29,420,475.26 34.27% 65.73% 0.00% 2,087.19€ 3,175.60€
MAR  32,309,760.00 28,076,513.30 4,233,246.70 86.90% 13.10% 0.00% 300.32€ 2,292.17€
APR  17,501,120.00 39,671,882.61 0.00 226.68% 0.00% 100.00% 0.00€ 1,241.59€
MAY n.a. n.a. n.a. n.a. n.a. 100.00% 0.00€ 0.00€
JUN n.a. n.a. n.a. n.a. n.a. 100.00% 0.00€ 0.00€
JUL n.a. n.a. n.a. n.a. n.a. 100.00% 0.00€ 0.00€
AUG n.a. n.a. n.a. n.a. n.a. 100.00% 0.00€ 0.00€
SEP n.a. n.a. n.a. n.a. n.a. 100.00% 0.00€ 0.00€
OCT  14,808,640.00 15,986,626.79 0.00 107.95% 0.00% 7.95% 0.00€ 1,050.58€
NOV  31,300,080.00 9,185,864.18 22,114,215.82 29.35% 70.65% 0.00% 1,568.86 € 2,220.54€
DEC  46,697,700.00 6,661,094.50 40,036,605.50 14.26% 85.74% 0.00% 2,840.33€ 3,312.90€
Total cost with
solar system 9,707.42€
Total cost without
solar system 16,785.34 €
Heating Annual Profit 7,077.91€

Table 05: Solar system and auxiliary system contribute

The first thing should be marked in Table 05 is the drastic reduction in the gas consumption,
something that has a corresponding amount of profit of 7,077.91€ per vyear, if we consider that

the price of gas will stay fixed (a readjustment is more than possible at least one time per year).

The rest of the hot water does not use for heating could supply other hot water needs such as

hand wash, for the dishwashers or direct dish washing in the kitchen and more rarely taking a
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bath. Especially during the summer months the hot water requirements will cover entirely by
the solar collectors since the heating system does not absorb any energy. Another parameter
worth mentioning is that during the weekend staying closed and the hot water according to hot
water tank manufacture will lose around
1-2 kWh of heat per day. The larger the water storage tank, the higher will be the heat loss,
something that requires good insulation to avoid reheating and perhaps will lead to cost rise

(Viessmann, n.d.).

Last but not least, the avoided CO2 emission annually would be around 26.49 tonCO2 (see table

06 underneath).

Solar kWh for Heating 143,186.10 kWh

CO2 Avoided Annually 0.185 kgCO2/ kWh x 143,186.10 kWh
=26.490 kgCO2 or 26.49 tonCO2

Table 06: CO2 emission annually

Strong Scenario:

This scenario has more extensive capital requirements and some radical changes, but aim at
much greater conventional electricity disengagement. More specifically, the only betterment
solution has been thought is a PV system on the tilting roof for electricity generation. This
combines two out of the many methods mentioned in sub-chapter 3.5. Below are presented

some basic calculations.

Location: The office buildings were examined and the information from the Bremen Solar
Cadastre was also used for the report. The Solarkataster Bremen is a solar roof website showing
online, whether the roof area is suitable for photovoltaic use or not (Solarkataster, 2019).

The statics or the age of the roof area is not taken into account. However, there is information
about the height of buildings, slope of roofs and the shadow cast by the surroundings, e.g.
through trees or buildings in the neighborhood. All of this is relevant to the potential of a roof to

convert solar radiation into electricity.
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Size, orientation and shading of the PV system: The office wings are covered with calcite sheets

and incline approximately 10 degrees. They were built in 2005 and 2013, respectively. The inner
central area is covered with glass elements. The buildings are approx. 64m long and the part
that can be covered with PV modules is 6m wide on each side. There are almost no components
that protrude above the metal sheets and therefore cast shadows. The roof areas face to the

southwest and northeast. All roofs were only viewed from the ground (Figure 22 and Figure 23).

Figure 22: View of an office building from the front

Figure 23: View of an office building from the side

According to our own calculations, an output of approx. 100 kWp can be installed on each office

wing. It was assumed that the modules would be fixed up right and not across the roof covering.
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If the modules are installed in landscape format, plus the small roof area connecting the two
buildings, then the total output could be approx. 125.5 kWp per office wing. Apart from the
connecting central wing and the adjoining narrow middle roof areas (width approx. 3.7m), both
the entire southwestern and northeastern roof halves were used. Only the variant with the
southeast orientation, in which the modules are installed parallel to the narrow roof side, was
examined in more detail. A PV system with a total output of approx. 251 kWp could thus be
implemented on both buildings together (calculations are not based on shading) (Figure 24 and

Figure 25).

Figure 24: Office buildings with the central glass domes
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Figure 25: Possible allocation plan of PV modules on building A based on the Solarkataster program

(Solarkataster, 2019)

Own_consumption: The economic viability of the PV system is primarily based on self-

consumption. Feeding the solar electricity into the public grid should be due to the unattractive
remuneration, kept as low as possible. The Erneurbaren Energie Gesetz (EEG) or in English
renewable energy law, remuneration for this electricity still provides an important contribution
to the profitability of the PV system. When considering profitability, two factors are crucial.
Firstly, the amount of self-consumption and secondly, the electricity purchase price. The net
electricity price of 17.643 Ct/kWh or 21 Ct/kWh gross price valid in 2020 was used. The
company's annual electricity requirement is approximately 261,400 kWh annually (2018 stats).
Only if the system operator and the pantograph are identical, it is self-consumption in the legal
sense, i.e. under this condition, an EEG surcharge reduced from 100% to 40% of the electricity
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used for this size of system. If this is not the case, then 100% of the EEG surcharge must be paid.
The company's load profile from 2018 was used as the basis for the simulation and with a

system size of 251 kWp, approx. 48% of solar power could be used directly on-site. The solar
coverage would be 39%, i.e. the company has to buy a correspondingly smaller amount of
electricity from the energy supplier. From a system size of 100 kWp, the electricity must be
marketed directly. From this limit, the requirements for protection and telecontrol technology

increase significantly entailing considerable costs.

Electricity storage system: The share of self-consumption can be further increased by

integrating a storage system. The integration of a lithium-ion storage was also calculated in the
following simulation. If a storage facility with a capacity of 50 kW and a usable battery capacity
of 69 kWh were connected, an additional 19,134 kWh* of solar energy could be consumed on-
site and the contribution would increase from 48% to 57%. If the usable battery capacity were
doubled from 69 kWh to 138 kWh with the same nominal output, the own contribution would
increase to 64% and also about 34,239 kWh* of the solar power would be consumed on-site.

* This is the net battery energy to cover consumption, i.e. Losses in the battery itself, as well as
through charging and discharging processes are not included. In total, with a battery capacity of
69 kWh, 19,134 kWh of solar power is used to charge the battery. With a capacity of 138 kWh, it
would be 33,867 kWh.

Main Connection: Wesernetz will be the network operator, which should plan a power

transformer of 250kVA for the company. In addition, the provisions regarding the network
connection itself, the necessary measures and costs with regard to protection and telecontrol
technology, feed-in management (including remote control) and the measurement concept are
also relevant. For example, for a maximum active power of a generation plant of 135 kW, a
simplified plant certificate B is required, which is associated with considerable costs. There are
also annual measuring point operating costs and costs vary depending on the connection. With
a low-voltage connection with registering performance measurement, Wesernetz in Bremen

charges, for example, approx. 300 euros net per year. These costs were taken into account in
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the profitability calculation. It must be ensured that an offer for a PV system contains all the

necessary costs.

Fire protection and lighting protection: The fire protection regulations must be observed for

module assignment and cable routing. There is no external lightning protection system. In
general, a PV system on the roof does not increase the risk of lightning strikes because the
height of the building is not or only marginally changed by the PV system. This applies to saddle

as well as flat roofs.

Basic of plant design: Roofs with southwest to southeast orientation and a roof pitch are well

suited between 25° and 50°, but in these latitudes 36° is ideal. The system is used for flat roofs
elevated. In the case of grid-connected systems, the normal electricity network serves as
storage: the electricity is supplied via Inverters converted into grid-compliant alternating
current and if possible consumed on site. It can be at least temporarily stored in a separate solar

battery, and the surpluses are fed into the network.

Solar modules and yield: Modern commercial crystalline solar modules can absorb up to 22% of

the solar radiation convert it to electricity. The manufacturers give guarantee periods between
15 and 25 years for the solar modules as a sign of the high quality standard and the high life
expectancy of the products. Now, a PV system with a nominal output of 1 kWp requires a
pitched roof area of approx. 7m? (PV system raised to 10° and facing south.) or approx. 12m?
flat roof area with elevated systems. The average yield of a PV system in Bremen is between

approx. 825 kWh/kWp and 875 kWh/kWp.

Yield forecast with PV-Sol: A yield forecast was carried out using the PV-Sol simulation program.

The long-term climate data set from Bremen was used as the basis for the yield forecast. Based
on the system utilization rate, the performance ratio and the specific annual yield, the expected
yield and the quality of the system can be estimated. The performance ratio often also called
quality factor (Q) describes the ratio between the realized yield and the theoretically possible

yield that the solar modules could produce at a constant temperature of 25 °C in an ideal, loss-
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free system. Powerful PV systems achieve a performance ratio of well over 80%. The specific
annual yield describes the average expected annual yield in kWh per kWp.

The forecast shown in the Table 07 at the next page determined a specific annual yield of 847
kWh/kWp for a PV system with 251 kWp on the two buildings. The southeast and south-west
oriented modules have a significantly higher specific annual yield than the northeast facing
modules on the two roof halves of the office wing (see Table 07). The absolute annual yield is on
average around 212,300 kWh. Direct self-consumption is estimated at 48%, i.e. approximately
102,800 kWh of solar power can be used immediately in the company be consumed. This means
that of the original 261,400 kWh, only about 158,600 kWh would have to be obtained from the
energy supplier. This significantly reduces the electricity bill. If an additional battery storage
system with a nominal output of 50 kWh and a usable capacity of almost 70 kWh is installed, the

self-consumption increases to 57%.

PV power 251 kWp
PV Surface Area 1,374 m?
Power Requirements per year 261,400 kWh
PV generator energy (AC grid) 212,334 kWh
Grid feed 90,602 kWh
Direct consumption 102,792 kWh
Own consumption via battery 18,940 kWh
Internal consumption share 57%
Total annual yield 847 kWh/kWp
Avoided CO2 emissions annually 118.91 tons

Table 07: Yield forecast for a PV system with 251 kWp and 69 kWh battery

*The results were determined using a mathematical model calculation. The actual annual yields

of the photovoltaic system can vary due to fluctuations in the weather, the efficiency of

modules and inverters and other factors (Wirth, 2020).
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The next figure 26 shows that in a PV system with 251 kWp in winter almost all of the electricity
generated is immediately used by the company. From March to September, however, a
substantial part is fed into the public grid. On average, as already mentioned, 48% is used
immediately in the company and a further 9% after temporary storage in the battery. If the

battery capacity is doubled, the cached share increases from 9% to just fewer than 16%.
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Figure 26: Use of PV electricity (251 kWp PV and 69 kWh battery)

Looking at Figure 27, the degree of self-sufficiency, i.e. the solar coverage share, it can be seen
that in summer the PV system partially covers up to two thirds of the demand, but in winter
only a fraction of the energy comes from the solar system. The annual solar share is 45%. With

double battery capacity, the degree of self-sufficiency is 50%.
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Figure 27: Coverage of electricity requirements (251 kWp PV and 69 kWh battery)

7.2.2. Financial analysis

A financial analysis evaluates the net-benefits of a project investment in reliance on the
difference between the old project conditions without any change and the future vision with
the changes already implemented. Also the financial analysis of the project compares benefits
and costs to the company by using local market prices to verify the balance of investment and

their sustainability (CFI, 2015).

Weak scenario:

1) Replacement of all fluorescent bulbs to high efficient led lamps (conventional electricity
reduction).
No further examination requisite for the financial analysis. The table 02 above proofs already a

cost reduction of 39.5%. Only information deemed to be important for the cost-benefit analysis
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is the LED ceiling lights purchase and installation cost will be 16€ per LED tube or per LED unit
3x16€=48€. Thus, 303 units x 48€= 14,544¢€.

2) Solar thermal system for space heating (conventional gas reduction).

Nowadays an important role investing in a technological application is the total cost of the
installation, which can vary in size, quality of the collectors and type of technique. A normal
installation includes all the already mentioned parts like the hot water tank, pipes, control
panel, the most expensive part of the solar panels. A medium scale system will be priced at

approximately 57,200€ (Lutz, 2008). This cost is calculated as follows:

i. Vacuum solar panels: 51m?=51 Solar panels 1m? (1.16m? gross area) each. Hence, 51 panels x
720€=36,720€ (VolksSolaranlage, 2014). Plus 19% VAT, then 43,700%€.

ii. The cost of a 1,000ltr hot water tank is around 1,500€.

iii. A control unit is estimated at 1000¢€.

iv. Other materials like pipelines, mixing valves and pumps will cost around 3,000€.

v. Montage, special permission license and installation cost depend on the building and the local
market prices is estimated to be around 8,000€.

vi. Operation and Maintenance cost per year of use will be 2% of the installation cost and hence,

equal to 1000€.

(Tjengdrawira, Richter & Theologitis, 2016 - Solaranlagen, 2020 - Barta, n.d. - Vailant
Deutschland GmbH & Co. KG, n.d.)

Strong Scenario:

The PV system on the tilting roof for electricity generation comprises the following basic points:

Cost:
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The net cost of a large rooftop system is around 900 euros per kWp. Due to the high technical
requirements and the associated considerable additional costs for a PV system of this size were
expected to cost a total of € 1,000/kWp. The costs of storage systems vary extremely depending
on the provider and the range of functions. According to the database of the PV magazine, the
price per kWh is more usable storage capacity for the Commercial 50 series of the German
company Fenecon at 500€ to 550€ (the price per kWh of usable storage capacity is up to 100
kWh 550€ and up to 500 kWh 500€ but provider name the lowest price level). A big advantage is
that the system can be expanded at any time. Peak shaving and quick charging of electric
vehicles are feasible, but neither the emergency power supply nor an uninterruptible one Power
supply (UPS) are possible options. Furthermore, for the storage system considered here nominal
output of 50 kW and usable battery capacity of 69 kWh, assumes a cost of 38,500€. If the
battery capacity is doubled to 138 kWh, 70,000€ are used as the investment sum (pv magazine,
2019).

Financial Remuneration:

For a system >100 kWp, the so-called market premium model is mandatory, i.e. the electricity
must be marketed directly. For this purpose, a mixed value based on the different remuneration
classes* is created. The values to be applied for the kilowatt hour fed into the public grid are
currently only available until January 2020**. For a solar system with 251 kWp, which will be
put into operation in 2020, 7.95 Ct/kWh*** is expected to be invested. If a lower average
monthly income is achieved on the stock exchange, the market premium compensates for this
up to the amount to be invested. The system operator, therefore, receives a mix of exchange
proceeds and market premium (minus the commission) from his service provider, who is the
direct marketer. Since the average monthly exchange electricity price is used to calculate the
market premium, more or less money can be made depending on sales skills and solar power
production. If there is self-consumption, the EEG contribution obligation for self-consumed

electricity is reduced from 100% to 40%. In 2020 this will be 2.7 Ct/kWh.
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* The remuneration classes are up to 10 kWp, up to 40 kWp and up to 750 kWp. Up to 10 kWp,
the value to be applied in 2020 for the market premium model is expected to be 9.86 Ct/kWh,
up to 40 kWp 9.59 Ct/kWh and up to 750 kWp 7.63 Ct/kWh. The values are based on the
assumption of a degression of 1.4% in this period.

** The degression is recalculated every three months based on the previous addition.

*** A management premium of 0.4 Ct/kWh is not included here.

7.3. COST BENEFITS ANALYSIS OF ALTERNATIVES AND RESULTS

Weak Scenario:

1) Replacement of all fluorescent bulbs to high efficient led lamps (conventional electricity

reduction).

Profitability calculation: With all this in mind, the next step will be the cost-benefit evaluation.

For this reason should prepare, in order to anticipate the economic performance of the system,
a cost analysis based on Internal rate of returns (IRR) and Net present value (NPV) terms.
Thinking about the expense of intensity utilization during a 10 year time span, because LED
lights are very durable and their replacement will definitely be postponed for quite some time.
In this manner the entire cost expected to be low in the case of LED lights. The simple cost-
benefits analysis in the way described further on verifying their profitability (Goonasekara &

Kjaerboe, 2012)(Table 08):
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Cash Inflow and Total Cash Total Cash Internal Rate of Return

Cash Outflow (€) Outflow (€) Inflow (€) after 10 years
1 2,033.00€ -16,186.46 € 22,260.78 € 38%
-14,694.00 €
2 2,073.66 €
f -153.00€ Discount Rate
3 2,115.13 € 1%
-156.06 €
4 2,157.44 €
-159.18 € Net Present Value
5 2,200.58 € 5,017.44 €
-162.36 €
6 2,244.60€
-165.61 €
7 2,289.49 € Inflation
-168.92 € 2%/year
8 2,335.28 €
-172.30€
9 2,381.98 €
-175.75€
10 2,429.62 €
-179.26 €

Table 08: IRR-NPV analysis of LED lamps

Where,

Cash Outflow:

14,694¢€ for LED lamp replacement cost.

150€ lamps for maintenance and replacement of defects lamps per year for 10 years
(assumed to be 1% of the total investment cost).

e With a reasonable discount rate at 4% (the interest rate that could have been earned, if
the money had been put in the best alternative investment). The discount rate is also
not adjusted for inflation (flat rate).

e Plus a small but inevitable core inflation happens every year in the height of 2% (price
and services increase at the economy over a time period).

Cash Inflow:
e 2,033.00€ income with LED lamps.
e Plus 2% extra indirect income every year due to the anticipated electricity price increase.

Thus, the IRR was estimated to be 38% and the NPV close to 5,017€.
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2) Solar thermal system for space heating (conventional gas reduction).

Profitability calculation:

The basic benefits originate from the gas reduction (30.2% annually), that practically means

6,960.34€. However, this price will change year after year due to the unpredictable nature of

the weather or natural gas prices (environmental and national economies factors uncertainties).

Furthermore, some extra reduction of electrical power for the daily warm water will be

observed, when the warm water is not supplied to the heating system (5 months/annually), and

this will reflect in the electric bill. For 15years minimum lifetime of vacuum collectors the table

below represents the foresees profit (Bhatia, 2014)(Table 09):

Cash Inflow and

Yea Cash Outflow (€)
1 7,578.00€
-58,344.00 €

2 7,653.78 €
r -1,136.28€

3 7,730.32 €
r -1,159.01€

4 7,807.62 €
i -1,182.19€

5 7,885.70 €
-1,194.01€

6 7,964.55 €
-1,205.95 €

7 8,044.20 €
i -1,230.07€

8 8,124.64 €
r -1,254.67€

9 8,205.89 €
r -1,279.76 €
10 8,287.95€
M -1,305.36 €
11 8,370.83€
r -1,331.46 €
12 8,454.53 €
r -1,358.09€
13 8,539.08 €
" -1,385.25€
14 8,624.47 €
r -1,412.96 €
15 8,710.72 €
1,441.22 €

Total Cash Total Cash Internal Rate of Return
Outflow (€) Inflow (€) after 15 years
-69,291.28 € 121,982.27 € 76%

Discount Rate
4%

Net Present Value
46,153.24 €

Inflation
2%/year

Table 09: IRR-NPV analysis of Solar thermal collector system
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Where,
Cash Outflow:
e 57,200€ for the solar system installation cost
e 1144€ for maintenance and operation cost per year for 15 years (assumed to be 2% of
the total investment cost, this include a proper check of the pump, controllers and
sensors as of the periodical cleaning of the collectors from the dust. This way, the
smooth functioning of the system can be kept).
e Like before, with a reasonable discount rate at 4%
e Plusthe inflation happens every year in the height of 2%
Cash Inflow:
e 7,078€ income with the solar system under function
e Plus 1% extra indirect income every year due to the anticipated natural gas price
increase.
e Plus a hypothetical 500€ per year for hot water heating during the summer months and

provided by the system.

After 15 years continued use (lifetime) and the IRR level is estimated at 76% and the NPV at
around 46,153€. That leads us to the conclusion, that after 7-8 years it will overcome the initial
invest cost of approximately 57,200€ and year by year the system will bring only profits at the

enterprise budget.

Strong Scenario:

Profitability calculation:

The profitability of a photovoltaic system depends on the costs of the system and the specific
electricity yield per year. For the profitability calculation, an investment calculation was carried
out again using the internal rate of return method but deployed slightly differently. The average

return (internal rate of return) is given as a measure of profitability (the internal rate of return
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method makes it possible to calculate a theoretical average annual return for an investment or
an investment with irregular and fluctuating income).

Also, the capital value* is the sum of the discounted annual income. A positive capital value
means profit and, a negative capital value means loss. When calculating the capital value, a
constant income tax rate of 30% and a linear depreciation without special depreciation and
without investment deduction were used. A 1% was chosen as the interest rate for determining
the capital value. The amount of the capital value provides an indication of how much more
profit is being made compared to an investment that pays 1% interest (based on a term of 20
years plus the investment year).

Initial equity also includes the value added tax (VAT) and upfront costs, e.g. burdens necessary
for planning and interim financing of the added value costs. It should be noted that every solar
power generation is a commercial activity and when electricity sold is taxable as income for the
enterprise. It is possible to claim that the sales tax and the operator can offset the input tax

against the sales tax received by the tax office.

The investment can be here 100% self-financed. The table 10 further down shows the
specifications and the results of the calculations. It is assumed that it is self-consumption, i.e.
system operator and pantograph are identical and therefore only a reduced EEG surcharge has
to be paid.

Since the solar power must be marketed directly, it depends on several circumstances, whether
the system operator achieves a profit in the amount of the value to be invested or falls below or
exceeds it. In the following it is assumed that the value to be applied minus 0.4 Ct/kWh (share
that the legislator provides for as a so-called management bonus) is always achieved. Under
these conditions and with the stated information, the following result is obtained (Table 10 and

Table 11):
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First Year

Plant system performance 251 kWp
Electricity production 212,597 kWh
Costs of the system (without VAT) 251,000 €
Initial equity (including VAT and start-up costs) 298,690.00 €
Plant running costs €5,973
Specific electricity yield 847 kWh/kWp
Yield reduction per year 0.40%
Direct use in% of solar yield 48%
Value to be applied (according to market premium model) 0.0795 € /kWh
Inflation rate p.a. 2%
Interest rate for cash value determination (discount rate) p.a. 1%
Interest rate on reinvestment p.a. 2%
Annual total electricity consumption 261,400 kWh
Electricity price in the first year (net) 0.17643 €/kWh (gross 0.21€/kwh)
Gross electricity price increase p.a. 2%
General Renewable electricity surcharge 0.06756 €/kWh
Reduced renewable electricity surcharge 0.02752 €/kWh
Individual tax rate 30%

Table 10: Efficiency of a 251 kWp system without storage
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Cash Inflow and Total Cash Total Cash Internal Rate of Return

Year Cash Outflow (€) Outflow (€) Inflow (€) after twenty years
1 63,591.39€ -1,130,468.93 € 1,282,579.74 € 13%
-336,341.41 €
2 63,921.47 € Discount Rate
-38,499.16 € 1%
3 64,075.86 €
-38,845.35 €
4 64,072.17 €
-39,194.88 € Net Present Value
5 64,071.13 € 138,031.68 €
-39,547.79 €
6 64,072.77 € Interest Rate on Reinvestment p.a.
-39,904.14 € 2%
7 64,077.13 € Inflation
-40,263.98 € 2%/year
8 64,084.25 €
-40,627.37 €
9 64,094.14 €
-40,994.37 €
10 64,106.85 €
-41,365.03 €
11 64,122.41 €
-41,739.41 €
12 64,140.86 €
-42,117.57 €
13 64,162.23 €
-42,499.57 €
14 64,186.56 €
-42,885.47 €
15 64,213.88 €
-43,275.34 €
16 64,244.23 €
-43,669.24 €
17 64,277.65 €
-44,067.23 €
18 64,314.18 €
-44,469.39 €
19 64,353.86 €
-44,875.78 €
20 64,396.72 €
-45,286.47 €

Table 11: IRR and NPV of a 251 kWp system without storage

With an output of 251 kWp and a price of EUR 1,000/kWp (all costs are included here,
conservative estimation), the system generates a surplus of EUR 138,031 over the entire 20-

year period without a storage system and this positive capital value indicates a clear profit. On
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the one hand, these surpluses are taxable and, on the other hand, future surpluses have a lower
value than today**. The decisive factor for economic consideration is the capital value. The
electricity generation costs are 9.9 Ct/kWh and, plus the reduced EEG surcharge of 2.7 Ct/kWh,
are much cheaper than the net electricity price of 17.643 Ct/kWh (0.21 Ct/kWh gross). Self-
consumption is approximately 48% of the solar power produced because as it is easily
understood the company can not be open 24/7. The renewable electricity surcharge in Germany
for self-producers will have a reduce price of 0.02752 €/kWh (0.06756 €/kWh) ***_ Taking into
account running costs, 2% inflation and a 1% discount rate, as well as a 2% increase in electricity
prices, the PV system has a return of 13%.

*The capital value of an investment is the sum of the present values of all payments (deposits
and withdrawals) caused by this investment. The present value is the value that future
payments have in the present. It is determined by discounting future payments. This makes
payments that occur at any point in time comparable. Due to the existence of interest, the same
amount of money has a higher value the sooner can be got. This relationship is represented by
computing operations of discounting and compounding.

**To determine the current value of future payments, future payments must be discounted.
The result after tax and the interest rate for determining the present value are relevant for such
discounting.

***Eollow links (Thalman & Wehrmann, 2020) and (Bundesnetzagentur, 2020)

Plant system performance 251 kWp
Costs of the system (without VAT) 251,000 €
Investment costs for Battery storage (69 kWh) 38,500 €
Initial equity (including VAT and start-up costs) 344,505 €
Plant running costs €5,323
Specific electricity yield 847 kWh/kWp
Yield reduction per year 0.40%
Direct use in% of solar yield 48%
Additional direct use via battery storage 9%
Total use of solar yield 57%

Table 12: Economy of a 251 kWp system with 69 kWh battery
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If the same PV system were equipped with a storage with a usable capacity of 69 kWh for a very

reasonable price of 550 €/kWh, the self-consumption would increase from 48% to 57%, i.e.

more solar power could be used on site. The other conditions are as set out in Table 12 and the

cost benefits result are the following (Table 13):

10

11

12

13

14

15

16

17

18

19

20

Cash Inflow and
Cash Outflow (€)
59,299.65 €
-379,924.14 €
59,699.67 €
-36,231.35€
59,831.25€
-36,577.58 €
59,832.09 €
-36,927.14 €
59,835.10€
-37,280.09 €
59,840.32 €
-37,636.48 €
59,847.78 €
-37,996.36 €
59,857.49 €
-38,359.79 €
59,869.48 €
-38,726.82 €
59,883.79 €
-39,097.51€
59,900.44 €
-39,471.93 €
59,919.46 €
-39,850.12 €
59,940.88 €
-40,232.16 €
59,964.73 €
-40,618.10 €
59,991.04 €
-41,008.00 €
60,019.85 €
-41,401.94 €
60,051.17 €
-41,799.97 €
62,917.91€
-42,202.17 €
60,121.52 €
-42,608.59 €
60,160.60 €
-43,019.32 €

Total Cash Total Cash Internal Rate of Return
Outflow (€) Inflow (€) after twenty years
-1,130,969.55 € 1,200,784.23 € 6%

Discount Rate
1%

Net Present Value
57,352.20 €

Interest Rate on Reinvestment p.a.
2%

Inflation
2%/year

Table 13: IRR and NPV of a 251 kWp system with storage
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The IRR would decrease significantly from 13% to 6% and the same applies to capital value,
which would decrease from EUR 138,031 to EUR 57,352 because of the higher initial cost. The
existence of a battery even though it increases the sentiment of energy independence turns out
to be financially a more risky choice since the owner has to wait almost till the end of the
system to acquire money back from the investment. Also, if the annual peak load minimized
accordingly, the additional costs could be at least partially offset by the storage. However, it
should be noted that this can only be achieved during summer by storing electricity in the

battery from the energy supplier at times of low workload.

Another good metric to prove one's system profitability is the so-called levelized cost of
electricity (LCOE). LCOE is a holistic way to determine the cost of 1 kWh by taking all the
expenditures during the lifetime of a project and the total energy produced (CFl, n.d.).

For both cases it will be a good metric of system efficiency, if compared with the keep rising
gross price of 0.21 €/kWh given by the supplier and more detailed in table 14 can be seen that
the electricity generation costs would be exactly 1 ct per kWh more expensive, but still much

cheaper than the 0.21 €/kWh. In return, of course, the degree of self-sufficiency increases.

LCOE Cost Factors Cost/Energy LCOE Without Final
EEG Surcharge LCOE

LCOE (Initial (298,690€+145,128€+1%) | 0.108 €/kWh + | 0.136
without cost+O&M+Discount + 4,094,179 kWh 0.02752 €/kWh
storage rate+System lifetime) =+ €/kWh

Sum of  generated

energy
LCOE  with | (Initial (344,505€+145,128€+1%) | 0.119 €/kWh + | 0.147
storage cost+O&M+Discount + 4,094,179 kWh 0.02752€/kWh | €/kWh

rate+System lifetime) +
Sum of  generated

energy

Table 14: Levelized cost of electricity
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To summarize in short, all the findings of both scenarios according to the results of the Cost-

Benefits analysis could be said that no matter which solution will promote, all of them at the

end will positively contribute financial and ecological.

The common currency mentioned in

subchapter 4.4 will be as follows (see next table 15) and whichever scenario would promote the

capitals might be spent to prevent one tonne of harmful emissions are relatively close to each

other with a slight lead to Weak Scenario 2 utilize solar thermal methods for space heating.

SCENARIO

Weak Scenario 1

Weak Scenario 2

Strong Scenario

“COMMON
CURRENCY”

14,694€ / 5.421tonCO2
=2,710.57 €/tonC0O2

57,200€/26.49tonC0O2
=2,159.30 €/tonC0O2

344,505€ / 118.91tonC02
=2,897.19 €/tonC0O2

Table 15: “Common currency” comparison

As a final financial evaluation, the next supporting table (Table 16) accumulates the three

recommended scenarios and focus on the annual profit as well as the time in years required for

the capital recuperation and some others financial information. Although the environmental

protection is a noble purpose, in no event a company would consider it is a money investment

if there is not a guaranteed payback.

SCENARIO
SECTOR Weak Weak Strong LEAD SCENARIO
Scenario 1 Scenario 2 Scenario
Initial Capital Payback
7 7.5 6.5 Strong
(yr)
Total Money Profit at
the end of the project 5,017 46,153 57,352 Strong
(€)
Average Annual Clear
502 3,076 2,867 Weak Scenario 2
Profit (€)
Payback in comparison 34.2 79.1 15.1 Weak Scenario 2
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to the initial capital (%)

CO2 Avoided (ton) 5.421 26.49 118.91 Strong

Money spent to CO2
2,710 2,159 2,897 Weak Scenario 2
avoided (€/tonC02)

Table 16: Evaluation of each scenario

As a rule, to become aware of project ability to implemented free of risk, without entering
blindly and if in the last analysis worth undertaking, a feasibility study would prove the level of

success (Kenton, 2019).

RECOMMENDATIONS AND DISCUSSION

The results of this analysis bring into question the cost-effectiveness of energy management
tactics that inevitably takes an international dimension, without being confined to the "narrow"
borders of one sector but being expanded in different forms to all the areas of human activity.
According to the conclusions of the present study after observing the tables, figures and any
other provided information, it can be safely stated that energy efficiency improvements are not
by any means a “leap of faith” for the company. On the contrary, if the details of a business
venture are well examined, it is a secure investment with a positive contribution to the already
impaired environment. Therefore, a modern tactic direct people to use simulation as a strategy
to explore whether the real system is too expensive, elaborate, risky or not. As a result, is to put
theories into the test phase helping the optimization or in time project cancelation (Hesselbach
et al., 2011).

It is always important to go beyond the obvious and the existence of specialized staff and
infrastructures points in this direction. Under the conditions described, any scenario or business
venture applied, would offer a positive final result and only if unexpected or difficult to predict

conditions an opposite result might occur. Most assuredly, several energy alternatives can be
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promoted over the scenario expound on this study. A throwback to the theory part and a more
in depth analysis of the company, will make available more environmental friendly
improvements. The researcher's point of view at least hopes to give the a “qualitative”
difference and wants to cover, as far as possible, an existing deficit concerning studies, both in
Germany and elsewhere in the EU, regarding the effectiveness of the practices applied to find
energy plan faults and confront them. Finally, is expected this work to be a springboard for
further research in different countries and companies in the future.

Moreover, over the years, the emission trading system (ETS) was developed on the basis of cap
and trade system and has undergone big changes during the years. Aiming the industrial
competitiveness, the European council and parliament attended to ensure a sufficient reduction
in the CO2 and the other emissions. Then came up the idea of a progressive innovation fund
with approximate size of not less than 450 million allowances (one ton of emissions per
allowance), which represents a market valuated at 3 billion € in 2017 and some million
allowances (close to 50 million) are in stock up to be available, but first in the second half of the
period 2021-2030 (European Commission, 2017a). The cap according this system reward the
companies with allowances, which can be freely traded (sell to or buy from one company to the
other) as needed (Muldls et al, 2016). Thinking of the continuous price adjustment with a clear
tendency to move up and the gamut of companies included in this emission system, even more
companies should take care of their emissions and start thinking more sustainable to avoid
penalties or overpaying allowances due to their beyond the limits harmful gas emission.
Germany has a strong presence in every sector of the ETS, encourage companies to invest and

could lead the fight against the greenhouse effect (Verschuuren and Fleurke, 2014).

The last point worth discussing, is the research delimitations that blocked to a certain degree

this study and also how it will be possible for researcher to overcome future barriers.

Research Delimitation:

The study investigation gathered data and recorded the conditions operating the company in
the study area that in some cases do not reflecting the situation in the company for an extended
period of time. These conditions are subject to variation due to yearly weather conditions or
working stress to meet deadlines. For example, the data finally collected may reflect only an
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unusual winter season with temperatures way above the typical average in North Germany
(heating data) or an extraordinarily amount of orders rearranging the typical processes followed
by the company. In addition, some data may not be possible to be collected due to company
unwillingness to provide them or even because nobody was willing to spent the time or had the
intention of tracking them down (i.e. quantity or kind of waste material). Another, limitation
factor might be the limited knowledge of the respondent to give feedback regarding the energy
related topics. Also, the lack of adequate time is a limiting factor because in general, an energy
audit or energy management procedure is a time-consuming “battle”, lasting minimum a year
or more to meet the expected standards. Unluckily, taking as a fact the time-limit and lack of
adequate equipment, the kind of audit which will be carried out is proportionally equal to a
walk through audit or other framed preliminary audit, where the level of detail is kept lower and

the analysis tends to be simpler (Baechler, Stecker & Shafer, 2011).

Although, the cost-benefit analysis makes a decision simpler, relying entirely on it will be a
mistake because of disadvantages such as the difficulty to predict all variables, better suited to
short length projects since the targeting eroding as the project goes further out (Harvard
Business School online, 2019). In addition, the analysis focused to the direct visible energy
savings because quantitative are easier measurable, when the indirect energy profits are
requiring data of the payback energy, something that involves many companies (i.e. recycling)
and gear the interest toward a wider range of researches. Unfortunately, the track performance
over time after following the first or the second scenario to determine if energy performance
being improved or worsening over time and the actions should be taken cannot implemented in

this case study.

Finally, it must be said that because of the quantitative small sample size limited to one
organization, the research findings cannot be completely generalized for the whole spectrum of
the electric and electronic goods. Nevertheless, the results of the essay will offer a broader
perspective. The case study has definitely merits over simple qualitative or quantitative
methods, having only a weakness for achieving scientific generalizations, despite the fact that is
designed to do so (Hammersley, Foster & Gomm, 2000). An assessment for some parts of the

research required quantification and these assessment was subjective and depends on the
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researcher bias. Though, the result of the evaluation gives a good basis for inferring the kind of
energy efficiency implementation changes and the driving forces for energy efficiency
enhancement (Pickel, 2019).

However, these limitations do not defeat the purpose of this case study, but may leave aside
some energy hotspots, that will left intentionally blank and create a subtle difference to the

final results.

Overcome of barriers:

To begin with, it was found that the implementation or even a combination of good energy
practices could lead to an improvement of enterprise production processes, finances and their

environmental adaptability. Some very common barriers like:

= |ack of awareness,
= |ack of confidence

= and lack of funds.

These three can be overcomed by advising energy saving expertise to identify the opportunities
and propose a solid evidence-based business case. This case will be followed by thoroughly
conducted analysis and condition evaluation. In addition, an accredited supplier scheme taking
advantage of energy efficiency finance given occasionally will bring the desirable results. The
complexity of some environmental and legal prerequisites and financial conditions, chokes the
growth of energy efficiency upgrades. Anyhow, the enterprise should pursue intensely to stay
competitive, profitable mitigating the risks in order to drive the energy save changes down to
the last detail.

Solutions at every price, as an alternative to energy intensive methods can always be adopted.
Making the employees feel more environmental responsible till being a first-mover within an
industry or by increasing the revenue from a new product thanks to spare money from the

energy saving measures could be enough to convince all the stakeholders make a move.
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CONCLUSION

To sum up, all the things touch on briefly, struck a chord with common interest.
Decarbonization of the industrial sector requires well plant steps, awareness and patience from
everybody. Not everything about the current practices is considered flawless, but by and large,
the system and the general philosophy of slowly getting away from bad practices and adopting
ginger habits working in favour of the environmental protection. It is definitely worthy to deploy
high standards energy management solutions, guided by the specific ISO and rules developed
the recent years, for any project scale with a maximum level of personal or collective interest
needs and a total control over the available budget, promising a better future, wherein the
experts with its vital role cogitate only the common good. In pursuit of establishing a global
carbon market, EU possesses the appropriate experience for actively support and could help to
reach that goal. For countries like Germany, huge potential in each sector has been observed
and for that reason it is always has a crucial role to play. Future technology development,
anticipated to come soon, would be helpful to exceed the desired targets. Already numerous
steps have already been set off toward this direction, especially for countries with a leading role
in the area of energy performance. Any legislation must be implemented in the best possible
way and if the consumers fail to comply, set of supplementary measures should be taken. Many
technological developments have greatly increased the portion of energy saved, but at the same
time owing first to the overwhelming cost these methods are left behind in the eyes of the
potential investors. Out of any discussion, averting a climate change disaster goes together with
all the sector mentioned earlier. Further use of alternative technologies characterized equally by
high effectiveness and much better environmental rate such as the wind or solar energy, could
slowly substitute the conventional energy wrongly overused the last decades magnifying the
problem. From relatively simple technologies till small operational transformation inside
organization, well known processes with robust characteristics and great efficient nowadays
many actions-ideas waiting to gain ground. In this perspective, more researchs should be done
for understanding in detail the business requirements and finally have a beneficial effect on

tomorrows expected energy and environmental predicament.

96



LIST OF REFERENCES

Abdelaziz, E.A., Saidur, R., & Mekhilef, S. (2010). A review on energy saving strategies in
industrial sector. Renewable and Sustainable Energy Reviews. Volume 15, Issue 1, Pages
150-168. Retrieved from
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.712.3225&rep=repl&type=p
df (26/01/2020)

AEE INTEC. (2009). Thermal Use Of Solar Energy. Retrieved from
http://www.solarthermalworld.org/sites/gstec/files/Solar%20Thermal%20Systems%20
Manual.pdf (13/02/2020)

Afework, B., Hanania, J., Stenhouse, K. & Donev, J. (2018). CO2 footprint. Energy Education.

Retrieved from https://energyeducation.ca/encyclopedia/CO2 footprint (10/01/2020)

Ahmad Al-Nimr, M., Rosen, M., Teong Lee, K., Duic, N., Ghaddar, N., Lee, K., Chen, J. (2016).

Energy Conversion and Management. Retrieved from

http://www.sciencedirect.com/science/article/pii/S0196890416000637 (15/02/2020)

Ambrose, M. & James, M. (2017). Dealing with energy efficiency data. Energy Procedia. Volume
121, Pages 158-165. Retrieved from

https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-52.0-

S1876610217334677/main.pdf?X-Amz-Security-

Token=1Q0Jb3JpZ2luX2VEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3Q

tMSJH

MEUCIGTD4089JPxWpnVzEnlxpnDyEB7W7p0OnwYgEqi6bdtAgAIEAhrSZJgCwwrgAaaHvQs

dGYkx8
te5Rzz88D0OJ75IfRRAQGtAMILXACGEWWNTkwMDM1NDY4N{UiDJ%2FtRQ6puHVQ%2Bpp

U7SaRA
2v%2B0SgQxJohoEO1VWVHGHXxW8C2zynZDuUrz1ETCTIEGjovP18NIEXJE32Rou%2BkbCT
m8FRzU

97


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.712.3225&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.712.3225&rep=rep1&type=pdf
http://www.solarthermalworld.org/sites/gstec/files/Solar%20Thermal%20Systems%20Manual.pdf
http://www.solarthermalworld.org/sites/gstec/files/Solar%20Thermal%20Systems%20Manual.pdf
https://energyeducation.ca/encyclopedia/CO2_footprint
http://www.sciencedirect.com/science/article/pii/S0196890416000637
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client

al%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38{Y9ATI7fftbzVV35juE2nRe%2F6TVvtQGFK

FdswWnV
0ws0zDAI9AbkKAVYIUFXYLIrZPeStUQ2nLyM9sNWI1LTS%2FYYr%2FTOHO2NOdy6QJKLzlitl

52F3dzjV
ZefMOmM4VDo4wgQMRE|NrFdvPFIZ5dP1f7sqMbGSKDIBPGYDpxsT%2BI1%2FSATBkUqc9%

2BJVSO
hRXubyXkA9dCHahuU4HIxjgy61WihgZgT28QaxyTexxMVu8WmJuGGdPfiveJcTAdXYi3Tgm

pfrYgze
hFVERIIFByglL426fwagXHdv6%2FpZ4%2FGON5ufdKe5el%2B00phxROQicvg0QLIhBPdufOvy

idF2ew
SFGNcR2%2F7BaJBcWnmaoggXKgam4FyRQvbiQ9%2FTPe4fMBThmguHResyW6C2VnM6R
0JS21IS

RPpOUIMWmMCOy38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnlOdol74zjFPfgl9R7CSTIdVA

w9Qunol
nYktWVaJRnKiJt6DiPg1lIWY0%2Fs%2FYEw0Jm3g8EgIXGIxnfOACH2DIAMalYnRPGTuGN3N

7JPV8BB
%2FI10MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTcOAGHItNHHxnXpt22d0GGraRwlpiVgZiWkL3f3

gF2%2BI
HkxROQmu4oartGx02ZEWR9Pt8xyCkalXwubv2malEkOgXgnmBbf50iNp%2BANTb1K43%

2BRaQta
tpwhliaSTe5Z2%2FoWkacRQvx4MR%2B0i5sCpDEEmMAi%2FpU9bdn%2BwaYhMbw%3D%3

D&X- Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T1521217&X-Amz-

SignedHeaders=host&X-Amz-Expires=300&X-Amz-

Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-

1%2Fs3%2Faws4 request&X-Amz-

Sighature=d703687aac4e2bc68b8alac2770c08f301a7748db2a7c12593af26f6e36a0318
&hash=9

cb72d9b402992c6e78625c4fd88alecl9ccf9clcd35c2491422506016b4a3d3&host=6804

2c94359
1013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S187661021733467

98


https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client

7&tid=s pdf-1667e7bb-4a66-4b3e-89f0-

65419c82838e&sid=bb93bd0b25109843eb9aab90b632febbbcbbgxrgb&type=client

(20/02/2020)

Amelang, S. (2019). Industry power prices in Germany: Extremely high — and low.Clean Energy
Wire. Journalism for the energy transition. Retrieved from
https://www.cleanenergywire.org/industrial-power-prices-and-energiewende

(11/02/2020)

Apeaning, R.W. (2012). Energy Efficiency and Management in Industries — a case study of
Ghana’s largest industrial area. Institute of Technology. Linképing University. Retrieved
from
http://www.diva-portal.org/smash/get/diva2:527775/FULLTEXTO1.pdfEnergy
(20/01/2020)

Apricus Solar Hot Water Systems. (n.d.). Apricus Solar Hot Water Systems. Retrieved from

https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWqg3mBY

bGgAbhto ABA&qg=vacuum+solar+collector+sun+&og=vacuum+solar+collector+sun+&gs

|=psy-
ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-

ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii

=Vm5WAXxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M (13/02/2020)

Baechler, M, Stecker, C & Shafer, J. (2011). A Guide to Energy Audits. U.S. Department of
Energy Washington. Retrieved from
https://www.pnnl.gov/main/publications/external/technical reports/PNNL-20956.pdf
(29/02/2020)

Barta, L. (n.d.). Modelling of Domestic Hot Water Tank Size for Apartment Buildings Il. Brno
University of Technology https://www.irbnet.de/daten/iconda/CIB6843.pdf
(20/02/2020)

99


https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610217X00180/1-s2.0-%09S1876610217334677/main.pdf?X-Amz-Security-%09Token=IQoJb3JpZ2luX2VjEKf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJH%09MEUCIGTD4o89JPxWpnVzEn1xpnDyEB7W7p0nwYqEqi6bdtAgAiEAhrSZJgCwwrqAaaHvQsdGYkx8%09te5Rzz88DOJ75lfRRQQqtAMILxACGgwwNTkwMDM1NDY4NjUiDJ%2FtRQ6puHVQ%2BppU7SqRA%092v%2B0SgQxJohoEO1vWVHGHxW8C2zynZDuUrz1ETCTiEGjovP18N9EXJE32Rou%2BkbCTm8FRzU%09a1%2FJZ1dMoF9TtRSOhNF7spL7BRG5AmyjnJJ38jY9AfJ7fftbzVV35juE2nRe%2F6TvtQGFKFdsWnV%090ws0zDAI9AbkAVyIUFxYLJrZPeStUQ2nLyM9sNW1LTS%2FYYr%2FTOHO2NOdy6QJKLzlit152F3dZjV%09ZefMOm4VDo4wgQMREjNrFdvPFJZ5dP1f7sqMbGSKD9BPGYDpxsT%2BI%2FSATBkUqc9%2BJVSO%09hRXubyXkA9dCHahuU4Hlxjgy61WihqZgT28QqxyTcxxMVu8WmJuGGdPfiv6JcTAdXYi3TqmpfrYqze%09hFvERIiFByqL426fwqXHdv6%2FpZ4%2FG0N5ufdKe5el%2B0OphxROQicvq0QLJhBPdufOvyidF2ew%09sFGncR2%2F7BqJBcWnmaoqgXKqm4FyRQvbiQ9%2FTPe4fMBThmquHResyW6C2VnM6ROJS21lS%09RPp0UlmWmC0y38JPqAYBEp9kVzuMKbU7PAFOusBda3s6XrnIOdoJ74zjFPfgI9R7CSTldvAw9QunoI%09nYktWVaJRnKiJt6DiPq1IWYo%2Fs%2FYEw0Jm3g8EgIXGIxnf9ACH2DlAMalYnRPGTuGN3N7JPV8BB%09%2FI0MyrK0S93fn0ZJ571T1AyI9KxSfVbHKTc0A6HItNHHxnXpt2zd0GGraRwlpiVgZiWkL3f3gF2%2BI%09HkxROQmu4oartGxO2ZEWR9Pt8xyCka1Xwubv2maJEk0gXgnmBbf50jNp%2BAnTb1K43%2BRaQta%09tpwhJiaSTe5Z%2FoWkqcRQvx4MR%2B0i5sCpDEEmAi%2FpU9bdn%2BwaYhMbw%3D%3D&X-%09Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20200112T152121Z&X-Amz-%09SignedHeaders=host&X-Amz-Expires=300&X-Amz-%09Credential=ASIAQ3PHCVTYS4PUNNF7%2F20200112%2Fus-east-1%2Fs3%2Faws4_request&X-%09Amz-%09Signature=d703687aac4e2bc68b8a1ac2770c08f301a7748db2a7c12593af26f6e36a0318&hash=9%09cb72d9b402992c6e78625c4fd88a1ec19ccf9c1cd35c2491422506016b4a3d3&host=68042c94359%091013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610217334677&tid=s%09pdf-1667e7bb-4a66-4b3e-89f0-%0965419c82838e&sid=bb93bd0b25109843eb9aab90b632feb6bc6bgxrqb&type=client
https://www.cleanenergywire.org/industrial-power-prices-and-energiewende
http://www.diva-portal.org/smash/get/diva2:527775/FULLTEXT01.pdfEnergy
https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWq3mBYbGgAbhto_ABA&q=vacuum+solar+collector+sun+&oq=vacuum+solar+collector+sun+&gs_l=psy-ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii=Vm5WAxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M
https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWq3mBYbGgAbhto_ABA&q=vacuum+solar+collector+sun+&oq=vacuum+solar+collector+sun+&gs_l=psy-ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii=Vm5WAxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M
https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWq3mBYbGgAbhto_ABA&q=vacuum+solar+collector+sun+&oq=vacuum+solar+collector+sun+&gs_l=psy-ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii=Vm5WAxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M
https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWq3mBYbGgAbhto_ABA&q=vacuum+solar+collector+sun+&oq=vacuum+solar+collector+sun+&gs_l=psy-ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii=Vm5WAxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M
https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWq3mBYbGgAbhto_ABA&q=vacuum+solar+collector+sun+&oq=vacuum+solar+collector+sun+&gs_l=psy-ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii=Vm5WAxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M
https://www.google.de/search?biw=1536&bih=758&tbm=isch&sa=1&ei=mJweWq3mBYbGgAbhto_ABA&q=vacuum+solar+collector+sun+&oq=vacuum+solar+collector+sun+&gs_l=psy-ab.3...1130882.1151188.0.1151797.36.28.5.2.2.0.262.3990.0j21j2.24.0....0...1c.1.64.psy-ab..6.25.3642.0..0j0i67k1j0i30k1j0i19k1j0i8i30i19k1j0i8i30k1.197.i6AotmmYwEc#imgdii=Vm5WAxW6p5WzQM:&imgrc=T8e6q3KG3j1Y1M
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-20956.pdf
https://www.irbnet.de/daten/iconda/CIB6843.pdf

Baxter, P. E. & Jack, S. M. (2010). Qualitative Case Study Methodology: Study Design and

Implementation for Novice Researchers. McMaster University: Ontario. Retrieved from

https://www.researchgate.net/publication/228621600 Qualitative Case Study Metho

dology Study Design and Implementation for Novice Researchers (27/10/2019)

Benzaken, H. (2018). 5 Companies That Embrace the Concept of a Circular Economy. Goodnet.

Retrieved from https://www.goodnet.org/articles/5-companies-that-embrace-concept-

circular-economy (29/11/2019)

Bhatia, S.C. (2014). Solar thermal energy. Elsevier. Retrieved from

https://www.sciencedirect.com/topics/engineering/evacuated-tube-collector

(27/02/2020)

Bristol Sparky. (2020). Lighting. Retrieved from https://bristolsparky.co.uk/lighting/
(12/02/2020)

BSI Standards Publication. (2012). Energy management systems - Requirements with guidance
for use (I1SO 50001:2011). Retrieved from
https://safety.networkrail.co.uk/wp-content/uploads/2017/06/BS-EN-ISO-50001-2011-

2016-03-02-09-01-50-AM.pdf (26/01/2020)

Bundesnetzagentur. (2020). EEG-Umlage. Was ist die EEG-Umlage und wie funktioniert sie?:

Bonn. Retrieved from

https://www.bundesnetzagentur.de/SharedDocs/FAQs/DE/Sachgebiete/Energie/Verbra

ucher/Energielexikon/EEGUmlage.html (28/02/2020)

Carbon Footprint. (n.d.) Climate Change. Retrieved from

https://www.carbonfootprint.com/warming.html (09/01/2020)

Carbonindependent.org. (2019). Emissions from home energy use. Retrieved from

https://www.carbonindependent.org/15.html (11/02/2020)

CFl. (2015). Types of Financial Analysis. What is Financial Analysis? Retrieved from

100


https://www.researchgate.net/publication/228621600_Qualitative_Case_Study_Methodology_Study_Design_and_Implementation_for_Novice_Researchers
https://www.researchgate.net/publication/228621600_Qualitative_Case_Study_Methodology_Study_Design_and_Implementation_for_Novice_Researchers
https://www.goodnet.org/articles/5-companies-that-embrace-concept-circular-economy
https://www.goodnet.org/articles/5-companies-that-embrace-concept-circular-economy
https://www.sciencedirect.com/topics/engineering/evacuated-tube-collector
https://bristolsparky.co.uk/lighting/
https://safety.networkrail.co.uk/wp-content/uploads/2017/06/BS-EN-ISO-50001-2011-2016-03-02-09-01-50-AM.pdf
https://safety.networkrail.co.uk/wp-content/uploads/2017/06/BS-EN-ISO-50001-2011-2016-03-02-09-01-50-AM.pdf
https://www.bundesnetzagentur.de/SharedDocs/FAQs/DE/Sachgebiete/Energie/Verbraucher/Energielexikon/EEGUmlage.html
https://www.bundesnetzagentur.de/SharedDocs/FAQs/DE/Sachgebiete/Energie/Verbraucher/Energielexikon/EEGUmlage.html
https://www.carbonfootprint.com/warming.html
https://www.carbonindependent.org/15.html

https://corporatefinanceinstitute.com/resources/knowledge/finance/types-of-financial-

analysis/ (20/02/2020)
CFl. (n.d.). Levelized Cost of Energy. What is the Levelized Cost of Energy (LCOE)? Retrieved from

https://corporatefinanceinstitute.com/resources/knowledge/finance/levelized-cost-of-

energy-lcoe/ (28/02/2020)

CIPEC. (n.d.). Energy Savings Toolbox. An Energy Audit Manual and Tool. ECOENERGY. An
ecoACTION initiative. Retrieved from

https://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/files/pdf/energy-audit-manual-and-

tool.pdf (04/03/2020)
Climatestotravel. (n.d.). Climate — Germany. Retrieved from

https://www.climatestotravel.com/climate/germany (26/01/2020)

EE-Highrise. (n.d.). Sustainable building systems. Retrieved from

https://www.ee-highrise.eu/index.php/virtual-building/sustainable-systems

(29/11/2019)

Energy Efficiency Trends and Policies In Industry. (2015). An Analysis Based on the ODYSSEE

and MURE Databases. Retrieved from https://www.odyssee-

mure.eu/publications/br/energy-efficiency-trends-policies-industry.pdf (19/10/2019)

Enerit. (2016). How ISO 50001 helps to improve energy efficiency (Infographic). Retrieved from
http://enerit.com/iso-50001-energy-efficiency-infographic/ (29/10/2019)

Enerdata. (2019). Breakdown by country (Mtoe). Global Energy Statistical Yearbook 2019.
Retrieved from

https://yearbook.enerdata.net/total-energy/world-consumption-statistics.html

(09/01/2020)

European Parliament. (2015). Circular economy: definition, importance and benefits. Retrieved
from

https://www.europarl.europa.eu/news/en/headlines/economy/20151201STO05603/cir

cular-economy-definition-importance-and-benefits (30/11/2019)

101


https://corporatefinanceinstitute.com/resources/knowledge/finance/types-of-financial-analysis/
https://corporatefinanceinstitute.com/resources/knowledge/finance/types-of-financial-analysis/
https://corporatefinanceinstitute.com/resources/knowledge/finance/levelized-cost-of-energy-lcoe/
https://corporatefinanceinstitute.com/resources/knowledge/finance/levelized-cost-of-energy-lcoe/
https://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/files/pdf/energy-audit-manual-and-tool.pdf
https://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/files/pdf/energy-audit-manual-and-tool.pdf
https://www.climatestotravel.com/climate/germany
https://www.ee-highrise.eu/index.php/virtual-building/sustainable-systems
https://www.odyssee-mure.eu/publications/br/energy-efficiency-trends-policies-industry.pdf
https://www.odyssee-mure.eu/publications/br/energy-efficiency-trends-policies-industry.pdf
http://enerit.com/iso-50001-energy-efficiency-infographic/
https://yearbook.enerdata.net/total-energy/world-consumption-statistics.html
https://www.europarl.europa.eu/news/en/headlines/economy/20151201STO05603/circular-economy-definition-importance-and-benefits
https://www.europarl.europa.eu/news/en/headlines/economy/20151201STO05603/circular-economy-definition-importance-and-benefits

Eurostat. (2019). Energy saving statistics. Retrieved from

https://ec.europa.eu/eurostat/statistics-explained/index.php/Energy saving statistics

(15/10/2019)
European Commission. (2013). Emissions Trading System (EU ETS). Phases 1 and 2 (2005-2012).

Retrieved from: https://ec.europa.eu/clima/policies/ets/pre2013 en (01/11/2019)

European Commission. (2014.a). Guide to Cost-Benefit Analysis of Investment Projects.
Economic appraisal tool for Cohesion Policy 2014-2020. Retrieved from

https://ec.europa.eu/regional policy/sources/docgener/studies/pdf/cba guide.pdf

(02/02/2020)

European Commission. (2014.b). Functioning of the market for electric and electronic consumer
goods. Retrieved from
http://ec.europa.eu/DocsRoom/documents/521/attachments/1/translations/en/renditi

ons/pdf (08/02/2020)

European Commission. (2017). The macro-level and sectoral impacts of Energy Efficiency

policies. Retrieved from

https://ec.europa.eu/energy/sites/ener/files/documents/the macro-

level and sectoral impacts of energy efficiency policies.pdf (13/01/2020)

European Commission. (2017a). Questions and answers on the provisional agreement

to revise the EU Emissions Trading System (EU ETS). Retrieved from
https://ec.europa.eu/clima/sites/clima/files/ets/revision/docs/high level ga en.pdf

(13/01/2020)

European Commission. (2018). Our Vision for A Clean Planet for All. Retrieved from

https://ec.europa.eu/clima/sites/clima/files/docs/pages/vision 1 emissions en.pdf

(15/01/2020).

European Commission. (2019a). 2020 climate & energy package. Retrieved from

https://ec.europa.eu/clima/policies/strategies/2020 en (17/10/2019)

European Commission. (2019b). Directive 2008/98/EC on waste (Waste Framework Directive).

102


https://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_saving_statistics
https://ec.europa.eu/clima/policies/ets/pre2013_en
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf
http://ec.europa.eu/DocsRoom/documents/521/attachments/1/translations/en/renditions/pdf
http://ec.europa.eu/DocsRoom/documents/521/attachments/1/translations/en/renditions/pdf
https://ec.europa.eu/energy/sites/ener/files/documents/the_macro-level_and_sectoral_impacts_of_energy_efficiency_policies.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/the_macro-level_and_sectoral_impacts_of_energy_efficiency_policies.pdf
https://ec.europa.eu/clima/sites/clima/files/ets/revision/docs/high_level_qa_en.pdf
https://ec.europa.eu/clima/sites/clima/files/docs/pages/vision_1_emissions_en.pdf
https://ec.europa.eu/clima/policies/strategies/2020_en

Retrieved from https://ec.europa.eu/environment/waste/framework/ (27/11/2019)

European Commission. (n.d.). Better regulation guidelines - Better regulation in the Commission.
Chapter I. Retrieved from

https://ec.europa.eu/info/law/law-making-process/planning-and-proposing-law/better-

regulation-why-and-how/better-regulation-guidelines-and-toolbox en (25/01/2020)

European Commission. (n.d.a). Energy topics. Energy. Retrieved from

https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/governance-

energy-union/national-energy-climate-plans (14/01/2020)

European Commission. (n.d.b). 2050 long-term strategy. EU climate action. Climate strategies &

targets Retrieved from https://ec.europa.eu/clima/policies/strategies/2050 en

(15/01/2020)

European Commission. (n.d.c). Emissions monitoring & reporting. EU climate action. Climate

strategies & targets. Retrieved from

https://ec.europa.eu/clima/policies/strategies/progress/monitoring en (15/01/2020)

Federal Ministry for Economic Affairs and Energy. (2015). Energy Efficiency Strategy for

Buildings. Public Relations: Berlin. Retrieved from

https://www.bmwi.de/Redaktion/EN/Publikationen/energy-efficiency-strategy-

buildings.pdf? blob=publicationFile&v=7 (28/11/2019)

Federal Ministry for Economic Affairs and Energy. (2019). Energy efficiency in buildings.

Retrieved from https://www.german-energy-solutions.de/GES/Navigation/EN/Energy-

Solutions/EnergyEfficiencylnBuildings/energy-efficiency-in-buildings.html (29/11/2019)

Ginley, D.S. & Cahen, D. (2012). Fundamentals of Materials for Energy and Environmental
Sustainability.

Material research society. Cambridge university press: New York. Retrieved from
103


https://ec.europa.eu/environment/waste/framework/
https://ec.europa.eu/info/law/law-making-process/planning-and-proposing-law/better-regulation-why-and-how/better-regulation-guidelines-and-toolbox_en
https://ec.europa.eu/info/law/law-making-process/planning-and-proposing-law/better-regulation-why-and-how/better-regulation-guidelines-and-toolbox_en
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/governance-energy-union/national-energy-climate-plans
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/governance-energy-union/national-energy-climate-plans
https://ec.europa.eu/clima/policies/strategies/2050_en
https://ec.europa.eu/clima/policies/strategies/progress/monitoring_en
https://www.bmwi.de/Redaktion/EN/Publikationen/energy-efficiency-strategy-buildings.pdf?__blob=publicationFile&v=7
https://www.bmwi.de/Redaktion/EN/Publikationen/energy-efficiency-strategy-buildings.pdf?__blob=publicationFile&v=7
https://www.german-energy-solutions.de/GES/Navigation/EN/Energy-Solutions/EnergyEfficiencyInBuildings/energy-efficiency-in-buildings.html
https://www.german-energy-solutions.de/GES/Navigation/EN/Energy-Solutions/EnergyEfficiencyInBuildings/energy-efficiency-in-buildings.html

https://books.google.de/books?id=IwJS7We6aHYC&pg=PA534&Ipg=PA534&dqg=(McKan

e, +Price+and+Rue+du+Can,+2008)&source=bl&ots=p7VkK-

aKdl&sig=ACfU3U3McYzu9K83R20JiHCiSmN30oTACBA&hI=en&sa=X&ved=2ahUKEwj7p7v

7k LmAhUNIIAKHSNmMCE4Q6AEWAHOECAYQAQ#v=onepage&qg=(McKane%2C%20Price%

20and%20Rue%20du%20Can%2C%202008)&f=false (25/01/2020)

Global Footprint Network. (2019). Data and Methodology. World Ecological Footprint by Land

Type. Retrieved from https://www.footprintnetwork.org/resources/data/ (02/01/2020)

Global Footprint Network. (2020). Climate Change. Retrieved

from https://www.footprintnetwork.org/our-work/climate-change/ (02/01/2020)

Goodall, C. (2017). How to reduce your carbon footprint. The Guardian. Retrieved

from https://www.theguardian.com/environment/2017/jan/19/how-to-reduce-carbon-

footprint (11/1/2020)

Goonasekara, K. & Kjaerboe, P. (2012). Study to evaluate the effectiveness of lighting system by
using LED technology in Commercial buildings. U A S K EDIRISINGHE. University of

Vocational Technology: Sri Lanka. Retrieved from http://www.diva-

portal.org/smash/get/diva2:732504/ATTACHMENTO1.pdf (23/02/2020)

Hammersley, M., Foster, P. & Gomm, R. (2000). Case study and generalisation. In: Gomm, R.;
Hammersley, M. Foster, P. eds. Case Study Method: Key Issues, Key Texts. London: Sage,
pp. 98—115. Retrieved from http://oro.open.ac.uk/20483/ (29/02/2020)

Harangozo, G. & Szigeti, C. (2017). Corporate carbon footprint analysis in practice — With a
special focus on validity and reliability issues. Journal of Cleaner Production 167.
Retrieved from

https://www.researchgate.net/publication/318915714 Corporate carbon footprint an

alysis in practice - With a special focus on validity and reliability issues

(14/01/2020)
Harvard Business Review. (2011). Global Business and the Dawn of a New Energy Reality.

Retrieved from

104


https://books.google.de/books?id=IwJS7We6aHYC&pg=PA534&lpg=PA534&dq=(McKane,+Price+and+Rue+du+Can,+2008)&source=bl&ots=p7VkK-aKdl&sig=ACfU3U3McYzu9K83R20JiHCi5mN3oTACBA&hl=en&sa=X&ved=2ahUKEwj7p7v7k_LmAhUNIlAKHSNmCE4Q6AEwAHoECAYQAQ#v=onepage&q=(McKane%2C%20Price%20and%20Rue%20du%20Can%2C%202008)&f=false
https://books.google.de/books?id=IwJS7We6aHYC&pg=PA534&lpg=PA534&dq=(McKane,+Price+and+Rue+du+Can,+2008)&source=bl&ots=p7VkK-aKdl&sig=ACfU3U3McYzu9K83R20JiHCi5mN3oTACBA&hl=en&sa=X&ved=2ahUKEwj7p7v7k_LmAhUNIlAKHSNmCE4Q6AEwAHoECAYQAQ#v=onepage&q=(McKane%2C%20Price%20and%20Rue%20du%20Can%2C%202008)&f=false
https://books.google.de/books?id=IwJS7We6aHYC&pg=PA534&lpg=PA534&dq=(McKane,+Price+and+Rue+du+Can,+2008)&source=bl&ots=p7VkK-aKdl&sig=ACfU3U3McYzu9K83R20JiHCi5mN3oTACBA&hl=en&sa=X&ved=2ahUKEwj7p7v7k_LmAhUNIlAKHSNmCE4Q6AEwAHoECAYQAQ#v=onepage&q=(McKane%2C%20Price%20and%20Rue%20du%20Can%2C%202008)&f=false
https://books.google.de/books?id=IwJS7We6aHYC&pg=PA534&lpg=PA534&dq=(McKane,+Price+and+Rue+du+Can,+2008)&source=bl&ots=p7VkK-aKdl&sig=ACfU3U3McYzu9K83R20JiHCi5mN3oTACBA&hl=en&sa=X&ved=2ahUKEwj7p7v7k_LmAhUNIlAKHSNmCE4Q6AEwAHoECAYQAQ#v=onepage&q=(McKane%2C%20Price%20and%20Rue%20du%20Can%2C%202008)&f=false
https://books.google.de/books?id=IwJS7We6aHYC&pg=PA534&lpg=PA534&dq=(McKane,+Price+and+Rue+du+Can,+2008)&source=bl&ots=p7VkK-aKdl&sig=ACfU3U3McYzu9K83R20JiHCi5mN3oTACBA&hl=en&sa=X&ved=2ahUKEwj7p7v7k_LmAhUNIlAKHSNmCE4Q6AEwAHoECAYQAQ#v=onepage&q=(McKane%2C%20Price%20and%20Rue%20du%20Can%2C%202008)&f=false
https://www.footprintnetwork.org/resources/data/
https://www.footprintnetwork.org/our-work/climate-change/
https://www.theguardian.com/environment/2017/jan/19/how-to-reduce-carbon-footprint
https://www.theguardian.com/environment/2017/jan/19/how-to-reduce-carbon-footprint
http://www.diva-portal.org/smash/get/diva2:732504/ATTACHMENT01.pdf
http://www.diva-portal.org/smash/get/diva2:732504/ATTACHMENT01.pdf
http://oro.open.ac.uk/view/person/mih3.html
http://oro.open.ac.uk/20483/
https://www.researchgate.net/publication/318915714_Corporate_carbon_footprint_analysis_in_practice_-_With_a_special_focus_on_validity_and_reliability_issues
https://www.researchgate.net/publication/318915714_Corporate_carbon_footprint_analysis_in_practice_-_With_a_special_focus_on_validity_and_reliability_issues

https://hbr.org/resources/pdfs/tools/16955 HBR Shell Report with letter FNL.pdf

(20/01/2020)

Harvard Business School Online. (2019). HOW TO DO A COST-BENEFIT ANALYSIS & WHY IT’S

IMPORTANT.

Retrieved from https://online.hbs.edu/blog/post/cost-benefit-analysis (29/02/2020)

Hasanbeigi, A & Price, L. (2010). Industrial Energy Audit Guidebook: Guidelines for Conducting an
Energy Audit in Industrial Facilities. Osti.GOV. Retrieved from
https://www.osti.gov/servlets/purl/992484 (11/02/2020)

Hesselbach, J., Junge, M., Lang., B., Mirciov, S., Mostert, C., Schliter, A. & Weishaar, G. (2011). A

Practical Guide to Energy Efficiency in Production Processes. Hessian Ministry of

Economics, Transport, Urban and Regional Development. Volume 8 of the Publication Series of
the Aktionslinie Hessen-Umwelttech. Spangenberg: Werbedruck Schreckhase. Retrieved
from

https://www.hessen-trade-and-invest.com/mm/U _Energy Efficiency.pdf (10/03/2020)

netgreen heat. (n.d.). Solar heating system. Retrieved from

https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fne

tgreen heat promo%2Fbody%2Fimages%2Fnetgreen system%2Fcombi system%2Fco

mbi system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen he

at promo%2Fbody%2Fnetgreen system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa

43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAWAA..i&w=1

024&h=509&bih=710&biw=1536&g=solar%20thermal%20energy%20for%20space%20h

eating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwgIKAAwWAA&iact=mrc&uact=

8#h=509&imgdii=3xuwpad3MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQ

MwglKAAWAA..i&w=1024 (13/02/2020)

IASS. (n.d.). Air Pollution and Climate Change. Retrieved from

https://www.iass-potsdam.de/en/output/dossiers/air-pollution-and-climate-change

(15/1/2020)

IEA. (2019). World Energy Outlook 2019. Retrieved from
105


https://hbr.org/resources/pdfs/tools/16955_HBR_Shell_Report_with_letter_FNL.pdf
https://online.hbs.edu/blog/post/cost-benefit-analysis
https://www.osti.gov/servlets/purl/992484
https://www.hessen-trade-and-invest.com/mm/U_Energy_Efficiency.pdf
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.google.de/imgres?imgurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fimages%2Fnetgreen_system%2Fcombi_system%2Fcombi_system.PNG&imgrefurl=http%3A%2F%2Fwww.netgreensolar.com%2Fnetgreen_heat_promo%2Fbody%2Fnetgreen_system.html&docid=xdrbOoHJ35xBtM&tbnid=3xuwpa43MxfznM%3A&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024&h=509&bih=710&biw=1536&q=solar%20thermal%20energy%20for%20space%20heating&ved=0ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA&iact=mrc&uact=8#h=509&imgdii=3xuwpa43MxfznM:&vet=10ahUKEwjNo87wueHXAhUcOsAKHY7FDAIQMwglKAAwAA..i&w=1024
https://www.iass-potsdam.de/en/output/dossiers/air-pollution-and-climate-change

https://www.iea.org/reports/world-energy-outlook-2019 (12/01/2020)

IPCC. (2014). Summary for Policymakers. In: Climate Change 2014: Mitigation of Climate Change.

Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Edenhofer, O., R. Pichs-Madruga, Y.
Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier,
B. Kriemann, J. Savolainen, S. Schlémer, C. von Stechow, T. Zwickel and J.C. Minx (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
Retrieved from

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc wg3 ar5 summary-for-

policymakers.pdf (30/11/2019)

IPCC. (2018a). Limiting global warming to 1.5°C. Retrieved from
https://www.ipcc.ch/2018/10/ (04/03/2020)

IPCC. (2018b). Summary for Policymakers. Summary for Policymakers. In: Global Warming of

1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-
industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty. Retrieved from
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15 SPM version report L
R.pdf (04/03/2020)

IRENA. (2018). GLOBAL ENERGY TRANSFORMATION. A ROADMAP TO 2050. Retrieved from

https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA Report GET 2018.pdf
(6/11/2019)

ISSD. (n.d.). Symposium: Sustainable Consumption, 1994. Retrieved from:

http://enb.iisd.org/consume/oslo004.html#top (04/11/2019)

Jappah, Y. (2018). Replacing Fluorescents with T8 LED Light Bulbs to Power Up and Save.
Conservation Mart. Retrieved from

106


https://www.iea.org/reports/world-energy-outlook-2019
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_summary-for-policymakers.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_summary-for-policymakers.pdf
https://www.ipcc.ch/2018/10/
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report_GET_2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report_GET_2018.pdf
http://enb.iisd.org/consume/oslo004.html#top

https://www.conservationmart.com/blog/index.php/replacing-fluorescents-with-t8-led-

light-bulbs-to-power-up-and-save/ (12/02/2020)

Jayaweera, A. (2014). Energy Analysis & Effects on Power Utility of LED’s compared to

Conventional Bulbs. University of GAVLE. Retrieved from http://www.diva-

portal.org/smash/get/diva2:807732/FULLTEXTO1.pdf (12/02/2020)

Kenton, W. (2019). Feasibility Study. What Is a Feasibility Study? Investopedia. Retrieved from

https://www.investopedia.com/terms/f/feasibility-study.asp (08/03/2020)

Li, Y & Dai, G. (2019). Energy saving and emission reduction of fossil energy based on low carbon
economy and its consumption structure optimization. International Journal of Low-
Carbon Technologies, Volume 14, Issue 3, September 2019, Pages 381-385. Oxford
University Press: 2020. Retrieved from

https://academic.oup.com/ijlct/article/14/3/381/5498241 (11/02/2020)

Lim, A. (2018). What Is Ecological Footprint? Definition and How to Calculate It. ThoughtCo.

Retrieved

from: https://www.thoughtco.com/what-is-ecological-footprint-4580244 (04/01/2020)

Lutz, H-P. (2008). Thermische Solaranlagen zur Warmwasserbereitung und
Heizungsunterstiitzung. Retrieved from

http://www.kea-

bw.de/uploads/tx ttproducts/datasheet/049. Thermische Solaranlagen zur Warmwas

serbereitung und Heizungsunterstuetzung.pdf (13/02/2020)

Lyngaas, K. (2016). SUSTAINABLE CONSUMPTION AND PRODUCTION DIAGRAM.

Retrieved from https://buddhajeans.com/encyclopedia/sustainable-consumption-and-

production-diagram/ (22/10/2019)

Medina, A., Camara, A. & Monrobel, J.R. (2016). Measuring the Socioeconomic and
Environmental Effects of Energy Efficiency Investments for a More Sustainable Spanish
Economy. MDPI: Basel. Retrieved from https://www.mdpi.com/2071-
1050/8/10/1039/pdf (14/01/2020)

MindTools. (n.d.). Plan-Do-Check-Act (PDCA). Retrieved from

107


https://www.conservationmart.com/blog/index.php/replacing-fluorescents-with-t8-led-light-bulbs-to-power-up-and-save/
https://www.conservationmart.com/blog/index.php/replacing-fluorescents-with-t8-led-light-bulbs-to-power-up-and-save/
https://www.investopedia.com/terms/f/feasibility-study.asp
https://academic.oup.com/ijlct/article/14/3/381/5498241
https://www.thoughtco.com/what-is-ecological-footprint-4580244
http://www.kea-bw.de/uploads/tx_ttproducts/datasheet/049._Thermische_Solaranlagen_zur_Warmwasserbereitung_und_Heizungsunterstuetzung.pdf
http://www.kea-bw.de/uploads/tx_ttproducts/datasheet/049._Thermische_Solaranlagen_zur_Warmwasserbereitung_und_Heizungsunterstuetzung.pdf
http://www.kea-bw.de/uploads/tx_ttproducts/datasheet/049._Thermische_Solaranlagen_zur_Warmwasserbereitung_und_Heizungsunterstuetzung.pdf
https://buddhajeans.com/encyclopedia/sustainable-consumption-and-production-diagram/
https://buddhajeans.com/encyclopedia/sustainable-consumption-and-production-diagram/
https://www.mdpi.com/2071-1050/8/10/1039/pdf
https://www.mdpi.com/2071-1050/8/10/1039/pdf

https://www.google.com/search?q=plan-do-check-

act+(pdca)+model&rlz=1C1CHBF deDE773DE773&sxsrf=ACYBGNRW37alLoR70ov3bY4UM

5H2fJbULsO0Q:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zugaq7QvVFroM%25

3A%252CkBuYP dkDejzaM%252C &vet=1&usg=Al4 -

kSN6u6Dh2P1VXXg9zaVVN23dCOakw&sa=X&ved=2ahUKEwjnOaKmjvLmAhWNoaQKHUd

0AIiYQ9QEWAHOECAKkQAw#imgrc=0zugaq7QvVFrOM:&vet=1 (25/01/2020)

Mudls, M., Colmer, J., Martin, R. and Wagner, U.J. (2016) Evaluating the EU
Emissions Trading System: Take It or Leave It? An Assessment of the Data after Ten
Years. Grantham Institute. Briefing Paper No. 21. London: Imperial College London.

Retrieved from https://www.imperial.ac.uk/media/imperial-college/grantham-

institute/public/publications/briefing-papers/Evaluating-the-EU-emissions-trading-

system Grantham-BP-21 web.pdf (25/03/2020)

Nelson, M. (2017). German electricity was nearly 10 times dirtier than France's in 2016.
Environmental Progress. Retrieved from

http://environmentalprogress.org/big-news/2017/2/11/german-electricity-was-nearly-

10-times-dirtier-than-frances-in-2016 (11/02/2020)

Nilsson, L., Lars Rydén, P.O.P., Darozhka, S. & Zaliauskiene, A. (2007). Cleaner Production

Technologies and Tools for Resource Efficient Production. The Baltic University Press:

Uppsala. Retrieved from http://www?2.balticuniv.uu.se/bup-

3/index.php/public/textbooks-course-materials/course-materials/environmental-

management/218-2-cleaner-production-technologies-and-tools-for-resource-efficient-

production/file (10/10/2019)

Norsk olje&gass (n.d.). Establishing a baseline, energy indicators (KPIs) and objectives. Energy
Management and Efficiency on the Norwegian Continental Shelf. Retrieved from

https://energiledelse.norskoljeoggass.no/en/Energiledelse/Planlegge/Energyindicators

(11/02/2020)
Ntanos, S., Arabatzis, G., Milioris,K., Lalou, P. & Chalkias, M. (2015). Energy Consumption and

108


https://www.google.com/search?q=plan-do-check-act+(pdca)+model&rlz=1C1CHBF_deDE773DE773&sxsrf=ACYBGNRW37aLoR7ov3bY4UM5H2fJbULsOQ:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zuqaq7QvVFr0M%253A%252CkBuYP_dkDejzqM%252C_&vet=1&usg=AI4_-kSN6u6Dh2P1VXXg9zaVVN23dC0akw&sa=X&ved=2ahUKEwjn0aKmjvLmAhWNoaQKHUd0AiYQ9QEwAHoECAkQAw#imgrc=0zuqaq7QvVFr0M:&vet=1
https://www.google.com/search?q=plan-do-check-act+(pdca)+model&rlz=1C1CHBF_deDE773DE773&sxsrf=ACYBGNRW37aLoR7ov3bY4UM5H2fJbULsOQ:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zuqaq7QvVFr0M%253A%252CkBuYP_dkDejzqM%252C_&vet=1&usg=AI4_-kSN6u6Dh2P1VXXg9zaVVN23dC0akw&sa=X&ved=2ahUKEwjn0aKmjvLmAhWNoaQKHUd0AiYQ9QEwAHoECAkQAw#imgrc=0zuqaq7QvVFr0M:&vet=1
https://www.google.com/search?q=plan-do-check-act+(pdca)+model&rlz=1C1CHBF_deDE773DE773&sxsrf=ACYBGNRW37aLoR7ov3bY4UM5H2fJbULsOQ:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zuqaq7QvVFr0M%253A%252CkBuYP_dkDejzqM%252C_&vet=1&usg=AI4_-kSN6u6Dh2P1VXXg9zaVVN23dC0akw&sa=X&ved=2ahUKEwjn0aKmjvLmAhWNoaQKHUd0AiYQ9QEwAHoECAkQAw#imgrc=0zuqaq7QvVFr0M:&vet=1
https://www.google.com/search?q=plan-do-check-act+(pdca)+model&rlz=1C1CHBF_deDE773DE773&sxsrf=ACYBGNRW37aLoR7ov3bY4UM5H2fJbULsOQ:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zuqaq7QvVFr0M%253A%252CkBuYP_dkDejzqM%252C_&vet=1&usg=AI4_-kSN6u6Dh2P1VXXg9zaVVN23dC0akw&sa=X&ved=2ahUKEwjn0aKmjvLmAhWNoaQKHUd0AiYQ9QEwAHoECAkQAw#imgrc=0zuqaq7QvVFr0M:&vet=1
https://www.google.com/search?q=plan-do-check-act+(pdca)+model&rlz=1C1CHBF_deDE773DE773&sxsrf=ACYBGNRW37aLoR7ov3bY4UM5H2fJbULsOQ:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zuqaq7QvVFr0M%253A%252CkBuYP_dkDejzqM%252C_&vet=1&usg=AI4_-kSN6u6Dh2P1VXXg9zaVVN23dC0akw&sa=X&ved=2ahUKEwjn0aKmjvLmAhWNoaQKHUd0AiYQ9QEwAHoECAkQAw#imgrc=0zuqaq7QvVFr0M:&vet=1
https://www.google.com/search?q=plan-do-check-act+(pdca)+model&rlz=1C1CHBF_deDE773DE773&sxsrf=ACYBGNRW37aLoR7ov3bY4UM5H2fJbULsOQ:1578421499512&tbm=isch&source=iu&ictx=1&fir=0zuqaq7QvVFr0M%253A%252CkBuYP_dkDejzqM%252C_&vet=1&usg=AI4_-kSN6u6Dh2P1VXXg9zaVVN23dC0akw&sa=X&ved=2ahUKEwjn0aKmjvLmAhWNoaQKHUd0AiYQ9QEwAHoECAkQAw#imgrc=0zuqaq7QvVFr0M:&vet=1
https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/publications/briefing-papers/Evaluating-the-EU-emissions-trading-system_Grantham-BP-21_web.pdf
https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/publications/briefing-papers/Evaluating-the-EU-emissions-trading-system_Grantham-BP-21_web.pdf
https://www.imperial.ac.uk/media/imperial-college/grantham-institute/public/publications/briefing-papers/Evaluating-the-EU-emissions-trading-system_Grantham-BP-21_web.pdf
http://environmentalprogress.org/big-news/2017/2/11/german-electricity-was-nearly-10-times-dirtier-than-frances-in-2016
http://environmentalprogress.org/big-news/2017/2/11/german-electricity-was-nearly-10-times-dirtier-than-frances-in-2016
http://www2.balticuniv.uu.se/bup-3/index.php/public/textbooks-course-materials/course-materials/environmental-management/218-2-cleaner-production-technologies-and-tools-for-resource-efficient-production/file
http://www2.balticuniv.uu.se/bup-3/index.php/public/textbooks-course-materials/course-materials/environmental-management/218-2-cleaner-production-technologies-and-tools-for-resource-efficient-production/file
http://www2.balticuniv.uu.se/bup-3/index.php/public/textbooks-course-materials/course-materials/environmental-management/218-2-cleaner-production-technologies-and-tools-for-resource-efficient-production/file
http://www2.balticuniv.uu.se/bup-3/index.php/public/textbooks-course-materials/course-materials/environmental-management/218-2-cleaner-production-technologies-and-tools-for-resource-efficient-production/file
https://energiledelse.norskoljeoggass.no/en/Energiledelse/Planlegge/EnergyIndicators

co2 Emissions on a Global Level. Retrieved from

https://www.researchgate.net/publication/284721207 Energy Consumption an

d CO2 Emissions on a Global Level (11/01/2020)

OECD. (2018). BEST AVAILABLE TECHNIQUES (BAT) FOR PREVENTING AND CONTROLLING
INDUSTRIAL POLLUTION. Retrieved from https://www.oecd.org/chemicalsafety/risk-

management/approaches-to-establishing-best-available-techniques-around-the-

world.pdf (20/01/2020)

OECD/IEA & IRENA. (2017). PERSPECTIVES FOR THE ENERGY TRANSITION. Investment Needs for
a Low-Carbon Energy System. IEA Publications, International Energy Agency. IRENA
Publications, International Renewable Energy Agency. Retrieved from

https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2017/Mar/Perspectives for the Energy Transi
tion 2017.pdf (12/01/2020)

One Community. (n.d.). Sustainable Water Heating.Retrieved from

https://www.onecommunityglobal.org/sustainable-water-heating/ (12/02/2020)

Pales, A. F., Levi, P. & Vass, T. (2019). Tracking Industry. IEA. Retrieved from
https://www.iea.org/reports/tracking-industry-2019 (19/01/2020)

Parliament. (2011). Consumption-Based Emissions Reporting. Retrieved from

https://publications.parliament.uk/pa/cm201012/cmselect/cmenergy/writev/consumpt

/con10.htm (30/12/2019)

Pickel, D. (2019). Qualitative vs Quantitative Data — What’s the Difference?. Learning Hub.

Retrieved from https://learn.g2.com/qualitative-vs-quantitative-data (29/02/2020)

Pv magazine. (2019). Marktibersicht grolRe Batteriespeicher. pv magazine group GmbH & Co.

KG: Berlin. Retrieved from https://www.pv-magazine.de/marktuebersichten/grosse-

batteriespeicher/?row id=62.(21/02/2020)

Radson. (2012). The Guide to Radiators for Low Temperature Heating. Retrieved from

http://www.radson.com/docs/HeatingGuide OT LR.pdf (13/02/2020)

Ranganathan & Bhatia, (2004). The Greenhouse Gas Protocol: a Corporate Accounting and
Reporting Standard, Revised Edition. Retrieved from

109


https://www.oecd.org/chemicalsafety/risk-management/approaches-to-establishing-best-available-techniques-around-the-world.pdf
https://www.oecd.org/chemicalsafety/risk-management/approaches-to-establishing-best-available-techniques-around-the-world.pdf
https://www.oecd.org/chemicalsafety/risk-management/approaches-to-establishing-best-available-techniques-around-the-world.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/Perspectives_for_the_Energy_Transition_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/Perspectives_for_the_Energy_Transition_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/Perspectives_for_the_Energy_Transition_2017.pdf
https://www.onecommunityglobal.org/sustainable-water-heating/
https://www.iea.org/reports/tracking-industry-2019
https://publications.parliament.uk/pa/cm201012/cmselect/cmenergy/writev/consumpt/con10.htm
https://publications.parliament.uk/pa/cm201012/cmselect/cmenergy/writev/consumpt/con10.htm
https://learn.g2.com/qualitative-vs-quantitative-data
https://www.pv-magazine.de/marktuebersichten/grosse-batteriespeicher/?row_id=62.
https://www.pv-magazine.de/marktuebersichten/grosse-batteriespeicher/?row_id=62.
http://www.radson.com/docs/HeatingGuide_OT_LR.pdf

https://www.researchgate.net/publication/258261856 The Greenhouse Gas Protocol

a_Corporate Accounting and Reporting Standard Revised Edition (13/01/2020)

ShineRetrofits. (2017). LED Tubes: Should | Use Them To Replace My Fluorescent Lights?
Retrieved from

https://www.shineretrofits.com/lighting-center/replace-fluorescent-with-led-tubes/

(12/02/2020)

Smartsheet. (2020). An Expert Guide to Cost Benefit Analysis. Retrieved from

https://www.smartsheet.com/expert-guide-cost-benefit-analysis (02/02/2020)

Solar Electricity Handbook. (2017). Solar Irradiance. Retrieved from

http://solarelectricityhandbook.com/solar-irradiance.html (15/02/2020)

Solaranlagen Portal. (2020). Vergleichen Sie kostenlos Preise fiir Solaranlagen: Hamburg.
Retrieved from

https://www.solaranlagen-portal.com/photovoltaik/kosten (20/02/2020)

Solar Solutions. (n.d.). Solar Solutions, Solar Heating. Retrieved from

https://www.google.de/search?qg=Flat+plate+vs.+evacuated+tube+efficiency&rlz=1C1CH

BF deDE773DE773&source=Inms&tbm=isch&sa=X&ved=0ahUKEwjV24D-

yenXAhXDxgQKHWY-BBYQ AUICigB&biw=1366&bih=613#imgrc=Ulg0ymO72mveQM
(13/02/2020)

Solargis. (2011). Global horizontal irradiation. German Solar Industry Association. Retrieved

from

https://www.google.com/search?g=Annual+irradiation+Germany&tbm=isch&ved=2ahU

KEwijgrZzaa5bjnAhVEZxoKHS8JCikQ2-

cCegQIABAA&og=Annual+irradiation+Germany&gs I=img.12...0.0..49801...0.0..0.0.0.......

0......2ws-Wiz-img.GNCZ05wZxPU&ei=Wds5XqCdK8TOaa-

aqMgC&bih=648&biw=855#imgrc=flukl4PqF1BPwM&imgdii=n4Pnv090TnV4BM
(15/02/2020)

Solarkataster. (2019). Ist Ihr Dach fiir eine Solaranlage geeignet? Freie Hansestadt Bremen:

Bremen. Retrieved from https://www.solarkataster-bremen.de/#s=map (15/02/2020)

110


https://www.researchgate.net/publication/258261856_The_Greenhouse_Gas_Protocol_a_Corporate_Accounting_and_Reporting_Standard_Revised_Edition
https://www.researchgate.net/publication/258261856_The_Greenhouse_Gas_Protocol_a_Corporate_Accounting_and_Reporting_Standard_Revised_Edition
https://www.shineretrofits.com/lighting-center/replace-fluorescent-with-led-tubes/
https://www.smartsheet.com/expert-guide-cost-benefit-analysis
http://solarelectricityhandbook.com/solar-irradiance.html
https://www.solaranlagen-portal.com/photovoltaik/kosten
https://www.google.de/search?q=Flat+plate+vs.+evacuated+tube+efficiency&rlz=1C1CHBF_deDE773DE773&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjV24D-yenXAhXDxqQKHWY-BBYQ_AUICigB&biw=1366&bih=613#imgrc=Ulg0ymO72mveQM
https://www.google.de/search?q=Flat+plate+vs.+evacuated+tube+efficiency&rlz=1C1CHBF_deDE773DE773&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjV24D-yenXAhXDxqQKHWY-BBYQ_AUICigB&biw=1366&bih=613#imgrc=Ulg0ymO72mveQM
https://www.google.de/search?q=Flat+plate+vs.+evacuated+tube+efficiency&rlz=1C1CHBF_deDE773DE773&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjV24D-yenXAhXDxqQKHWY-BBYQ_AUICigB&biw=1366&bih=613#imgrc=Ulg0ymO72mveQM
https://www.google.com/search?q=Annual+irradiation+Germany&tbm=isch&ved=2ahUKEwjgrZaa5bjnAhVEZxoKHS8JCikQ2-cCegQIABAA&oq=Annual+irradiation+Germany&gs_l=img.12...0.0..49801...0.0..0.0.0.......0......gws-wiz-img.GNCZ05wZxPU&ei=Wds5XqCdK8TOaa-qMgC&bih=648&biw=855#imgrc=flukI4PqF1BPwM&imgdii=n4Pnv09OTnV4BM
https://www.google.com/search?q=Annual+irradiation+Germany&tbm=isch&ved=2ahUKEwjgrZaa5bjnAhVEZxoKHS8JCikQ2-cCegQIABAA&oq=Annual+irradiation+Germany&gs_l=img.12...0.0..49801...0.0..0.0.0.......0......gws-wiz-img.GNCZ05wZxPU&ei=Wds5XqCdK8TOaa-qMgC&bih=648&biw=855#imgrc=flukI4PqF1BPwM&imgdii=n4Pnv09OTnV4BM
https://www.google.com/search?q=Annual+irradiation+Germany&tbm=isch&ved=2ahUKEwjgrZaa5bjnAhVEZxoKHS8JCikQ2-cCegQIABAA&oq=Annual+irradiation+Germany&gs_l=img.12...0.0..49801...0.0..0.0.0.......0......gws-wiz-img.GNCZ05wZxPU&ei=Wds5XqCdK8TOaa-qMgC&bih=648&biw=855#imgrc=flukI4PqF1BPwM&imgdii=n4Pnv09OTnV4BM
https://www.google.com/search?q=Annual+irradiation+Germany&tbm=isch&ved=2ahUKEwjgrZaa5bjnAhVEZxoKHS8JCikQ2-cCegQIABAA&oq=Annual+irradiation+Germany&gs_l=img.12...0.0..49801...0.0..0.0.0.......0......gws-wiz-img.GNCZ05wZxPU&ei=Wds5XqCdK8TOaa-qMgC&bih=648&biw=855#imgrc=flukI4PqF1BPwM&imgdii=n4Pnv09OTnV4BM
https://www.google.com/search?q=Annual+irradiation+Germany&tbm=isch&ved=2ahUKEwjgrZaa5bjnAhVEZxoKHS8JCikQ2-cCegQIABAA&oq=Annual+irradiation+Germany&gs_l=img.12...0.0..49801...0.0..0.0.0.......0......gws-wiz-img.GNCZ05wZxPU&ei=Wds5XqCdK8TOaa-qMgC&bih=648&biw=855#imgrc=flukI4PqF1BPwM&imgdii=n4Pnv09OTnV4BM
https://www.solarkataster-bremen.de/#s=map

Stein, M. & Khare, A. (2009). CALCULATING THE CARBON FOOTPRINT OF A CHEMICAL PLANT: A
CASE STUDY OF AKZONOBEL. Journal of Environmental Assessment Policy and
Management. Vol. 11, No. 03, pp. 291-310. Retrieved from
https://www.worldscientific.com/doi/abs/10.1142/51464333209003373 (13/01/2020)

StouchlLighting. (n.d.). Lighting Comparison: LED vs Fluorescent and CFL. Led Lighting Solutions.
Retrieved

from https://www.stouchlighting.com/blog/fluorescent-vs-led-vs-cfl (12/02/2020)

Stravoravdis, S. (2013). LIGHTING OFFICES WITH LEDS: A STUDY ON RETROFITTING SOLUTIONS.
Welsh School of Architecture. Retrieved from https://orca.cf.ac.uk/45793/1/PhD-

Spyros_Final.pdf (12/02/2020)

SWB. (2019). UNSERE PRODUKTE UND PREISE. swb Erdgas. Retrieved from

https://www.swb.de/-/media/files/energie/produkte-und-preise/produktepreise-gk-

hb.pdf (11/02/2020)
Thalman, E & Wehrmann, B. (2020). What German households pay for power. Clean Energy

Wire. Journalism for the energy transition: Berlin. Retrieved from
https://www.cleanenergywire.org/factsheets/what-german-households-pay-power

(28/02/2020)

The Climate Group. (2016). ENERGY-INTENSIVE INDUSTRIES: HOW WE CAN ACHIEVE ‘ZERO
CARBON’ PRODUCTION. Opportunities and challenges. Retrieved from

https://www.theclimategroup.org/news/energy-intensive-industries-how-we-can-

achieve-zero-carbon-production (20/01/2020)

Time for Change. (n.d.). What is a carbon footprint. Retrieved from

https://timeforchange.org/what-is-a-carbon-footprint-definition/ (30/12/2019)

Tjengdrawira, C. & Richter, M. & Theologitis, I.T. (2016). Best Practice Guidelines for PV Cost
Calculation. Accounting for Technical Risks and Assumptions in PV LCOE. Solar

Bankability. Retrieved from

111


https://www.worldscientific.com/doi/abs/10.1142/S1464333209003373
https://www.stouchlighting.com/blog/fluorescent-vs-led-vs-cfl
https://orca.cf.ac.uk/45793/1/PhD-Spyros_Final.pdf
https://orca.cf.ac.uk/45793/1/PhD-Spyros_Final.pdf
https://www.swb.de/-/media/files/energie/produkte-und-preise/produktepreise-gk-hb.pdf
https://www.swb.de/-/media/files/energie/produkte-und-preise/produktepreise-gk-hb.pdf
https://www.cleanenergywire.org/factsheets/what-german-households-pay-power
https://www.theclimategroup.org/news/energy-intensive-industries-how-we-can-achieve-zero-carbon-production
https://www.theclimategroup.org/news/energy-intensive-industries-how-we-can-achieve-zero-carbon-production
https://timeforchange.org/what-is-a-carbon-footprint-definition/

https://www.tuv.com/content-media-files/master-content/services/products/p06-

solar/solar-downloadpage/solar-bankability d3.2 best-practice-guidelines-for-pv-cost-

calculation.pdf (20/02/2020)

UNEP. (2018). Emissions Gap Report 2018. Retrieved from

https://www.ipcc.ch/site/assets/uploads/2018/12/UNEP-1.pdf (30/11/2019)

UNFCCC. (2020a). Nationally Determined Contributions (NDCs). Retrieved from

https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-

contributions-ndcs (12/01/2020)

UNFCCC. (2020b). What is the United Nations Framework Convention on Climate Change?
Retrieved from

https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-

framework-convention-on-climate-change (14/01/2020)

UNFCCC. (2020c). What is the Paris Agreement? Retrieved from

https://unfccc.int/process-and-meetings/the-paris-agreement/what-is-the-paris-

agreement (14/01/2020)
UNFCCC. (2020d). Bali Road Map Intro. Retrieved from

https://unfccc.int/process/conferences/the-big-picture/milestones/bali-road-map

(14/01/2020)

UNIDO. (2009). Industrial Development Board. Programme and Budget Committee. Annual

report 2008. Austria. Retrieved from https://www.unido.org/sites/default/files/2009-

04/English 0.pdf (26/01/2020)

United Nations. (1992). UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE.

Retrieved from

https://unfccc.int/files/essential background/background publications htmlpdf/applica

tion/pdf/conveng.pdf (13/01/2020)

112


https://www.tuv.com/content-media-files/master-content/services/products/p06-solar/solar-downloadpage/solar-bankability_d3.2_best-practice-guidelines-for-pv-cost-calculation.pdf
https://www.tuv.com/content-media-files/master-content/services/products/p06-solar/solar-downloadpage/solar-bankability_d3.2_best-practice-guidelines-for-pv-cost-calculation.pdf
https://www.tuv.com/content-media-files/master-content/services/products/p06-solar/solar-downloadpage/solar-bankability_d3.2_best-practice-guidelines-for-pv-cost-calculation.pdf
https://www.ipcc.ch/site/assets/uploads/2018/12/UNEP-1.pdf
https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs
https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://unfccc.int/process-and-meetings/the-paris-agreement/what-is-the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/what-is-the-paris-agreement
https://unfccc.int/process/conferences/the-big-picture/milestones/bali-road-map
https://www.unido.org/sites/default/files/2009-04/English_0.pdf
https://www.unido.org/sites/default/files/2009-04/English_0.pdf
https://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/conveng.pdf
https://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/conveng.pdf

United Nations. (2015). TRANSFORMING OUR WORLD: THE 2030 AGENDA FOR SUSTAINABLE
DEVELOPMENT. Sustainable development goals, knowledge platform. Retrieved from

https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20f

or%?20Sustainable%20Development%20web.pdf (04/03/2020)

United Nations Environment Programme. (2011). What is SCP? Retrieved from

http://wedocs.unep.org/handle/20.500.11822/8053 (16/11/2019)

United Nations Environment Programme. (2015). Sustainable Consumption and Production

Global  edition. A Handbook  for  Policymakers. Retrieved  from

https://sustainabledevelopment.un.org/content/documents/1951Sustainable%20Consu

mption.pdf (20/10/2019)

United Nations Sustainable Development. (1992). United Nations Conference on Environment &

Development Rio de Janerio, Brazil, 3 to 14 June 1992. AGENDA 21. Retrieved from
https://sustainabledevelopment.un.org/content/documents/Agenda21.pdf
(30/01/2020)

U.S. Department of Energy. (2015). A Common Definition for Zero Energy Buildings. Retrieved
from

https://www.energy.gov/sites/prod/files/2015/09/f26/bto common definition zero e

nergy buildings 093015.pdf (01/12/2019)

US EPA. (2014). Emission Factors for Greenhouse Gas Inventorie. Retrieved from

https://www.epa.gov/sites/production/files/2015-07/documents/emission-

factors 2014.pdf) (11/02/2020)

US EPA. (2010). How EPA’s ENERGY STAR® Program Helps Industry Improve Energy Efficiency.
Benchmarking Industrial Plant Energy Efficiency. Retrieved from

https://www.epa.gov/sites/production/files/2015-

01/documents/energy star 5 26 10.pdf (11/02/2020)

Vailant Deutschland GmbH & Co. KG. (n.d.). HeizungsDiscount24. Retrieved from

113


https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
http://wedocs.unep.org/handle/20.500.11822/8053
https://sustainabledevelopment.un.org/content/documents/1951Sustainable%20Consumption.pdf
https://sustainabledevelopment.un.org/content/documents/1951Sustainable%20Consumption.pdf
https://sustainabledevelopment.un.org/content/documents/Agenda21.pdf
https://www.energy.gov/sites/prod/files/2015/09/f26/bto_common_definition_zero_energy_buildings_093015.pdf
https://www.energy.gov/sites/prod/files/2015/09/f26/bto_common_definition_zero_energy_buildings_093015.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/emission-factors_2014.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/emission-factors_2014.pdf
https://www.epa.gov/sites/production/files/2015-01/documents/energy_star_5_26_10.pdf
https://www.epa.gov/sites/production/files/2015-01/documents/energy_star_5_26_10.pdf

https://www.heizungsdiscount24.de/pdf/Vaillant-Solarkollektor-auroTHERM-System-

Prospekt.pdf (20/02/2020)

Vanags, J. & Butane, |. (2013). Major Aspects of Development of Sustainable Investment

Environment in Real Estate Industry. Science Direct. Retrieved from

https://www.sciencedirect.com/science/article/pii/S1877705813008874 (29/12/2019)

Verschuuren, J. and Fleurke, F. (2014) Report on the Legal Implementation of the

EU ETS at Member State Level. Tilburg: Tilburg Sustainability Center. Retrieved from
http://entracte-project.eu/uploads/media/ENTRACTE Report Legal Studies.pdf
(26/03/2020)

Viessmann. (n.d.). How long does water stay hot in a tank? Retrieved from
https://www.viessmann.co.uk/heating-advice/how-long-does-water-stay-hot-in-tank

(15/02/2020)

VolksSolaranlage. (2014). Bosswerk - SUNEXTREME HD 20 Vakuum Réhren Kollektor. Retrieved
from

http://volkssolaranlage.com/shop/Solarkollektoren/Vakuumroehrenkollektoren/Bosswer

k-SunExtreme-HD-20-Vakuum-Roehren-Kollektor-3-02m::11.html (20/02/2020)

Werksman. J. (2009). "Taking Note" of the Copenhagen Accord: What It Means. World

Resourses Institut. Retrieved from https://www.wri.org/blog/2009/12/taking-note-

copenhagen-accord-what-it-means (11/01/2019)

Wirth, H. (2020). Recent Facts about Photovoltaics in Germany. Fraunhofer Institute for Solar
Energy
Systems ISE: Freibur. Retrieved from

https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/re

cent-facts-about-photovoltaics-in-germany.pdf (17/02/2020)

World Energy Council. (2019). World Energy. Insights Brief. Retrieved from

114


https://www.heizungsdiscount24.de/pdf/Vaillant-Solarkollektor-auroTHERM-System-Prospekt.pdf
https://www.heizungsdiscount24.de/pdf/Vaillant-Solarkollektor-auroTHERM-System-Prospekt.pdf
https://www.sciencedirect.com/science/article/pii/S1877705813008874
http://entracte-project.eu/uploads/media/ENTRACTE_Report_Legal_Studies.pdf
https://www.viessmann.co.uk/heating-advice/how-long-does-water-stay-hot-in-tank
http://volkssolaranlage.com/shop/Solarkollektoren/Vakuumroehrenkollektoren/Bosswerk-SunExtreme-HD-20-Vakuum-Roehren-Kollektor-3-02m::11.html
http://volkssolaranlage.com/shop/Solarkollektoren/Vakuumroehrenkollektoren/Bosswerk-SunExtreme-HD-20-Vakuum-Roehren-Kollektor-3-02m::11.html
https://www.wri.org/blog/2009/12/taking-note-copenhagen-accord-what-it-means
https://www.wri.org/blog/2009/12/taking-note-copenhagen-accord-what-it-means
https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/recent-facts-about-photovoltaics-in-germany.pdf
https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/recent-facts-about-photovoltaics-in-germany.pdf

https://www.worldenergy.org/assets/downloads/WEInsights-Brief-Global-Energy-

Scenarios-Comparison-Review-R02.pdf (19/01/2020)

World Resources Institute. (2004). WRI Annual Report 2004. Retrieved from

https://www.wri.org/about/annual-reports/FY2004 (15/01/2020)

Worrell, E., Bernstein, L., Roy, J., Price., L. & Harnisch, J. (2008). Industrial energy efficiency and
climate change mitigation.Energy Efficiency. Retrieved from

https://link.springer.com/article/10.1007/s12053-008-9032-8 (26/01/2020)

115


https://www.worldenergy.org/assets/downloads/WEInsights-Brief-Global-Energy-Scenarios-Comparison-Review-R02.pdf
https://www.worldenergy.org/assets/downloads/WEInsights-Brief-Global-Energy-Scenarios-Comparison-Review-R02.pdf
https://www.wri.org/about/annual-reports/FY2004
https://link.springer.com/article/10.1007/s12053-008-9032-8

APPENDIX A

+

= Camsrgnnciage: ALK Cistsfeenatio Bessee.

A.1: Planting plan

Anlage 4 zum Durchfilhrungsvertrag

Pflanzplan

Baume

Ader compestr® - Faid Ahom
4 Stick, Hochstamm, ¥ xv., 16-18 em)

Frainus excelsior - ine Esch
7 Sclick, Hackstamm, § xv., 16-18 e

Malis floribunda - Vielblitiger Apsel
(2 Stiack, Soieir, 3 x v,, 200-250 o)

PrUnAE Serulta ‘Hanzan - Mebken-Kirsch
118 ., Salitar, 3 xw., 200-250 aw)
Quereus rshur - Stiek-Biche

14 Stirck, Huchstamm, 3 v., 1618 ol

(2 Manung

@ gastand

Striucher

D Camus sanguinea, Blutrater Hastriegel (100 50ckt,, 50-100 cm)

@ Corylus avelfana, Gawshwiche Hasel (90 Stack, 0100 em)

© fronytsus suispass, Genthnlichss Pufenhnchen

©  Frangula aiwss, Faulbaum (115 Sttck, 60100 cmp

@ Ligustrum vulgare, GewShnlicher Liguster (1 20 Srick, £0-100 m)

O Wbes nigrum, Schwarze Johannisbeere (35 Sttick, 60-100 cmy

@ Ribes nabwrum, Rote fohannicheere (41 Stock, 60-100 )

@ Sallx capron, SakWeide (43 Stock, 60-100 cm)

Ausgleichsmafinahmen

A fschen Ufer

az ache mit stand , helmischen
Gehdlzen

A3 Drichtung elsas Erdwalls und Bepflanzung mit standongerechien,
heimischen Gahalzen

A4 Entwickiumg einur halbrudoralan Cras- und Staadenfiur mit Tompel
(nMurbelassens Fiache)

A5 PRanzung vos grokikronigen Laubbsumen

— e

Autraggeser

Alrcraft Elektro/Elektronik

System GmbH (AES)

stana Katemitel

ere7zon

Gs-fearbelung

R. Jordan Frcjekititel

oepOh von \?l;l"!lhllhmneur Bebauungsplan

RAHEL JORDAN LANDSCHAFTSPLANUNG

116



[ 501/ BA-501-A-001

PROIEKT : AES - AIRCRAFT ELEKTRO / ELEKTRONIK SYSTEM GMBH
HANNA-KUNATH-STRASSE 33, 28199 BREMEN

oo 501 | oanm 19722017, PS5 anantme s aa e | et 1:500
BAS01-A-01 ‘uumlm a0 e o
LAGEPLAN L3

ey

Bauhon ALS- ARCRAFT ELEKTRC / EEKTROMK SYSTEM Gt AL oot op
At

Hanaskunath-Sivatle 13 T 04217240300

078199 Brermen F: 0421 / 2403077

Fiarung SCHULZE PAMPUS ARCHITEKTEN 8DA

Oberscrate 14
0-28195 Brmman 50421 1415024
mai: infoltschutze pargu o F-0421 1413471

Side and front view of the buildings

117



'Anlage BETRIEBSBESCHREIBUNG
insbesondere gewerbliche Anlagen

nach § 9 Abs. 4 BremBauVorlV fir Arbeitsstitien,

zism Bauantrag vom:

Aldenzeichen (lals vorhanden):

Kurzbezalchnung des Yorhabens:

Meubay gines Biino- und Produktionsgebiudes

Betralber (falls bekarmi):
AES GmbH

nichtzutraffendes bifte streichen oder mit - entiil - kennzeichnen, im Bedarfsfall besondenes Blstt belffigen

1. Hutzung
1.1 Art der gewerblchen Anlage odar Karstruidion, Entwicklung und Fertigung von luftfahriiachnisches Systemesn
Tirtigghoasit o
1.2 Batriebazeit Wochentage Uhrzait {van — bis) Zahl der Schichten
Montag - Freitag 07:30 - 18:30 L 1
13 Art und Mange der beim Batrieb Elpitrischa Halbosugnissa |Platnan), Katel ums Gehiuss sus Metall
verwendaten Stoke

14 Betriebshedingle Einrichlungan,
ongleste Maschinen odar tachnische
Arbeitsmittel und Anlagen

1.6 Ar , Mange und Ort der gelapenen
getihrichen Stofie

8 i

16 Einrichiungean I0r ordmmgsgemaie
Instandhattungsarbeiien am

Gebbude |

2 Mdﬂlﬂﬂlﬂnﬂn

unter 18, | dber 18J. | unter 18J. | insgesamt

|

Ransm Art/ Ursache Malnahme

£.B. in Bazug suf-
Littung, Erwirtcungen durch
th‘ﬂnlglhlnndm'mmm
Arbaitsplatz, Rutschhemmaung, o.a.
unzutragliche Einwirkungen

Bum s W FTTWSE ML Einbad) LiRusgaaniage

4. Sozlalréumes

Angaben lber vorgesshens und
vorhandena SozialrSume:

1.B. Pausen-, Umkdside-, Wasch-
und Toilettenriume

5. Anlagen, fiir die &ln besonderes
erforderiich ist,

6. Umwaltschutz

6.10 Luttvenunselrigisng durch

CJRauch
[ Aerosahe

Orus [ staut OlGas
|;|Dﬂrnph | ] Geriiche | (I Sonstige

Bazsichnung der Stoffe:

611 Lage der EmisslonsGfnungen
(Grundrisg und Hahenangaben)

Anlage Betrebgheschraibung Seita 1 van 2
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612 MaBnahmen zur Vermindarung e Ty
dar Emizsion
6.2 Geriusche fwenn mbglich, Werto Urzashe, Daver und Hewligke
angeban in d8 (A)) !
Tageszait (06:00 - 22:00 Uhr) Machizeit (22:00 ~ 0600 Uhr)
Einzalgerdusche WE
Allgermeines Betrisbegeriusch endlii
Veskehrelanm auf dem Grundstick | wran
621 Lage der Gerduschauellen ! s
Austrittsiffrungen, ggf, Griben- und
A
6.22 Mainahmen zur Vermindening dar anlbdl
Gardugahi
B3 Emﬂtlnuu.luhmh. 5 O kurzzeiti | O in intervalien J O davarmd
Haufigheit -
&3 Lage der Erschitierngs- oder Ll
Bohwingungsquellen
632 MaBnahmen zur Verminderung van | =%
Ersohdtterungs- oder
Schwing
6.4 Betristiche Ablallstoffa = rest | O fitzsaig | O sanstige
ganaue Bezeichnung Elgktracivoh |
B4 Durchschnitliche Menge 0 kg e Chsaitad
Zmitginhait o
642 Zwischenlagerung und Verbled v egenien Hus, o gegsetle Entngung
B.5 Basondare betriebliche Ahwasser, .
deren Art und Behandiung sowie
Verbleib der Rlckstinde
T Sonstige Angaben und HINWeIBE | D Fus in Dtmsgeechoss des Siestes wid s Foussn. it Hommerskosnaticng gonaid
Ort, Dstum Unterschrift Eauherrin
Breman, 18122011 _I
| Eirt, Datum Unterschrifl Entwurfsvartassenin
Bresmen, 19,12.2011
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AES Aircraft Elektro / Elektronik System Gmbh STAND 19.12.201 1

Hanna-Kunath-StraBe 33 28199 BREMEN
SCHULZE PAMPUS ARCHITEKTEN BDA

Stadtebauliche Kennwerte =
[achwiels der GrundfiEchenzahl [GRZ 08 g
Grundstacksfische 926762 m?

2ulassige GRZ 0.6

Bruttogrundfliche 127238 m?

Gz AW 014 GRZ < 06 Rz

[Nachweis der maximalen Hahe baulicher Anlagen

zuléssige maximale Hohe baulicher Anlagen OK 12 bow. OK 16

maximale Hohe der baulichen Anlage = 10,10 m OK = 12+16 0K

[Berechnung der Gesamt-Bruttogeschossiiache BGF =)
Erdgeschoss 127238 m?

Obergeschess 127238 m?

GESAMT 2544,76 m?

[Berechnung Bruttorauminhait BRI ]
Erdigeschoss 127238 m* x 3,30 m 4198.85 m?
Obergeschoss 1272,38 m? x 3,10 m 3944,38 m?

Dach 127238 m? x 1,50 m 1908,57 m*
GESAMT T0051,80 me
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AES Aircraft Elektro / Elektronik System GmbH

Hanna-Kunath-StraBBe 33

STAND 19.12.2011

28199 BREMEN
SCHULZE PAMPUS ARCHITEKTEN BDA

|Flachennachweis EG (Bestand) j
Windfang 4,90 m?

Empfang 6B,67 m?

Yorraum H-WC-01 413 m?

H-WC-01 6,02 mt

D-Umkleide 25,59 m?

H-Umkleide 30,54 m?

Gesamtllac estand] 135,85 m*¥
|Flachennachweis EG (Neubau) |
Vorraum DAWC-01 523 m?

D-WiC-01 5,35 m?

Bak.-WE 8,71 m?

D-WC-02 535 m*

Verraum D-WC-02 523 m?

Vorraum H-WC-02 413 m?

H-WC-02 6,02 m?

Flur-01 79,93 m=

Werkstatt 32,95 m*

LP 29,36 m?

Frodukiion 318,07 M

Biiro-Prifer 29,36 m?

Kleinteilelager 18,80 m*

Burn In 17,23 m?

Server 13,78 m*

Teekiche 9,12 m?

Stopp 8,57 m?

Flur-02 12,53 m?

Treppenhaus 13,11 md

Abstellraum 1,89 m2

Haustechnik 9,03 m*

Klima 15,66 m*

Biro = Inst. 37,06 m?

EMV 36,06 m?

Verpackung 22,24 m?

Fertigteillager 62,71 m?

Versand 16,99 m?*

WE AivAa 40,53 m*

Lager 282 BT m?

Gaesam EG (Meubau) 118727 m?
|Flichennachweis OG (Bestand)

Vorraum H-WC-01 413 mi

H-Wic-01 6.02 m?

‘Gesamtflache OG (Bestand) 10,18 m?
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AES Aircraft Elektro / Elektronik System GmbH STAND 19.12.2011
Hanna-Kunath-StraBBe 33 28199 BREMEN

SCHULZE PAMPUS ARCHITEKTEN BDA

|Flichennachweis OG (Neubau) 4
Vorrawm D-WC-01 5,23 m?
b-we-i1 535 m¥
Gista-WE-01 4,16 m*
Gaste-WC-02 4,16 m?
D-WC-02 5,35 ma
Vorrawm D-WC-02 523 m?
Vorraum H-WC-02 4,13 m2
H-WC-02 6,02 m?
Flur-01 59,88 m2
Biiro-07 27,29 md
Besprechung 28,80 m?
Biro-02 28,80 m?
Bilro-03 28,60 m?
Biro-04 28,80 m?
Biiro-05 22,69 m?
Bliro-06 19,14 m?
Biliro-07 22,69 m
Biliro-08 28,80 m?*
BUro-09 28,80 md
Biro-10 28,80 m2
Bilro-11 28,80 m?
Biiro-12 27,29 m?
Treppenhaus B.22 m?
Technik 7.88 m?
Flur-02 336,87 my
Pool-Biro-01 27,29 m?
Pool-Biro-02 28,80 mi
Poal-Blra-03 28,80 m2
Pool-Biro-04 28,80 m?
Fool-Biiro-05 28,80 m?
Poel-BUro-06 34,01 m?
Pool-Biro-07 34,01 m?
Pool-Biro-08 28,80 m?
Pool-Biro-09 28,80 m2
Pool-Biro-10 28,80 m2
Kiiche 56,88 m®
Gesamtflache OG [Neubau] 115377 m?

Flichennachweis Gesamt (Bestand + Neubau)

Gesamtfliche EG (Bestand) 135,85 m*

Gesamtflache EG (Neubau) 118727 m?

Gesamtflache OG [Bestand) 10,15 m?

Gesamifldche OG (Neubau) 153,77 md

Gesamtfliche (Bestand + Neubau] Z457,68 m?
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AES aircraft Elektro / Elektronik System Gmbh STAND 19.12.2011

Hanna-Kunath-Strafle 33 28199 BREMEN
SCHULZE PAMPUS ARCHITEKTEN BDA

Stellplatznachweis |
|Nachweis der notwendigen Stellplitze |
Notwendige Stellplétze fir Birogebaude 1 Stellplatz j& 40 m? Nutzfidche

geplante Mutzfliche 1.940

ergibt 49 edforderliche Stellplitze

Anzahl der vorgesehenen Stellplitze 102

[Machweis der notwendig en Fahrradstellp ltze

Motwendige Steliplitze fir Birogebdude 1 Stellplatz je 60 m® Nutzfléche
geplante Nutzflache 1.940 m*
ergibt 32 erforderliche Stellplitze x 1,5 m? 48 m?
Fldche der vorgesehenen Stellplatze 57,60 m?
Schulze Pampus Architekten BDA Telefon: 0421/41 50 24 Telefax: 0421/41 34 71
ObernstraBBe 14 28195 Bremen eMail: info@schulze-pampus.de
Projekt: AES Alrcraft Elektro [ Elektronik System GmbH [ Seite: 1
501 Hanna-Kunath-5trafle 33
‘Bauherr: | AES Aircraft Elektro / Elektronik System GmbH 'Datum: 19.12.2011
Hanna-Kunath-Stralie 33
| | 28199 Bremen - B
Mr Bauteil Material / Sonstiges - Brandschutz
1 o . Blrotrennwande 1 Gipskarton
(2 Flurtrennwénde Kalksandstein mind. F_SI:I_ ]
3 Birotlren o
4 e Treppenhauswande - S_t«;h E‘bﬂl‘l - Fod =
5 Treppenhaustiren Glastdranlage _RS-Tﬂr
& Gmhns&de::k;; : Stahlbeton . I F 90
? ] Dachkonstruktion Holzbauweise mit Metalleindeckung -
B AvBenwandverkleidung | Kalksandstein .';armedﬁmrnv;r.hl-.tr:dsyﬂem A
:9 I Dimmstoffe AuBenwand lS-chwer entflammbar B2 —

A.2: Site plan of the buildings, report of the building operation and urban planning

123



Erdgeschoss Neu Erdgeschoss Alt

Legende: | NSasselStsinlSasse

Birorsume Il Lager [ .
A
werkstatt M verkehrsfiiche W e

oo Anlage A1.1

A.3: Ground plan of the ground floor
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Obergeschoss Neu
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Legende:
Biirordume .
Cafeteria [

Obergeschoss Alt
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Lo - =9

| BURD

N

S

I " NSasselStein|Sasse

Pundinelung
Themischer Kanzept/ Zanienmng/ OG

R

Lager Sanitdrbereich |

Verkehisfiiche Anlage A1.2
inlage A1..

A.4: Ground plan of the first floor
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APPENDIX B

BAn Bireim
VergstCnl: G515
Talefansummer: (451 B88-61 44
dun Fab 4 N Sarid e dun 14 Jul 14 Aug 14 Sap 14 ot 14 Mo 1 Daz 44
Vertrauzh ks a0 e $}Fen 4wy 17518 Trem ALF - a4 458 M xm 2058 25708 Hanr 20.mz
Kano € ETIZINE __ABALITE  4SHETE £ SSsiag  ASMONE  4SHEINE ERL:ELT 4.HI0R 8 ANTIEE  ABMIBE  sE01IHE SLAVHED €
dmm A5 Feb 18 LLEl] g ] Mai i85 Jun dul 13 Aug 18 Sap 18 Okt 18 Mov 15 Dae 18
FTE) 24054 23013 18773 TraTa 2554 10381 ram UEL] 3.0 2eean frE. EUE L
AITE 1IN AmA0E  ATOSTIE  AGTSI0N  BTMNTEE 3504764 L5148 § 142006 § AUNSIE  AASOENE LEREOW E0Bs2 A8 i
Jan 18 Fob 16 e i6 Apr 9B Wal 96 dun 18 Jul ¥ Agpg 8 Bap 6 Ot 16 e 18 Daz 1B
Warhrauich ki I8 ELk o mme B TE 20,788 15400 2m sy 4y 1 Es 20013
Hagu ABGSK  AJNBIE  A1M40TE  OBIT126  AAREIE  SEINGA B § A, 23§ ATAME H55PATE  ADITrEe  apm g ATHATE
Prrser Menage Powar Uiragor  Pows-Marsges * Fiower Managa
Jan 17 Fas 1T M ir ApraT i 17 iy ol 1T Aug 17 Bap AT oL 1 Mo 17 Dz 47
Vartirmscs wh M s B oo FREE e 20088 20838 20208 Eel H #mp ] 284,950
Natin € AMWITIE  BRATTE  ABNOSIE  LERI0E  AEIEINE AR E ATMA0E ATiLine asarae AIELE 6 ABNLDIE 405ME fainme
A2AE HiStE aae e ETOE4 § BEME 1foné 284338 8
Junin Fab %8 Bex 10 Apr 18 sl 18 dun 18 Julid Aug 1M Sep 1§ Ot 0 Mo 18 Dz 18
Werkeauch ki EATE Zn4E2 ansm 12.rer 15UEE 1845 2734 FET 12524 nan FIEE 2328 ESE
oo € AMNME  ARMIRE BDITME DILETE  SMNSAE  BIN0SIE  aATAZE asTaInE Lahiae e LIEE ATmE ERELE T
dum 1B Fibi 18 ez 18 Apr i 18 Jan Jul 1z Aug 1 Sep 1 e Mo 18 Daz vl
T k] aew 2088 2008 2184 Fob e ey
Bamn e Saume  AMGEE ASITAIE  ARWNSSE  AAEE  AGCanE HATE €

B.1: Electricity consumption and cost 2015-2019
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400024 €
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SwB

Strom

Vertragskonto: A-96531539
Telefonnummer: 0421 988-68144

Jan-14 Feb-14  Mar-14  Apr-14  May-14  Jun-14 Jul-14 Aug-14 Sep-14 Oct-14 Nov-14 Dec-14
Verbrauch kwh 28,494 23,996 22,497 17,518 17,551 18,582 24,456 20,254 20,773 21,058 22,796 23,887 261,862
2015
Netto € 5732.28€ 4,848.67€ 4,599.07€ 3,647.03€ 366450 € 3,848.00€  4,969.25€ 4,175.25 € 4,262.00 € 4,327.18€ 4.644.36€ 4.861.75¢€ 5357952 €
Weniger kWh
-12,465 2,976.66 €
Jan-15 Feb-15  Mar-15  Apr-15  May-15 Jun-15 Jul-15 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15
Verbrauch kwh 26,455 24,054 23073 18,778 17,578 18,554 19,381 17,207 18,386 21,049 22,630 22,252 249,397
Netto € 5201.30€ 4,727.11€ 458340€ 3,786.73€ 3579.29€ 374579€  3,908.76 € 3,511.48 € 4,420.96 € 4,21354€ 4,490.61€ 4,433.80 € 50,602.86 € 2016
[ Plus kWh
10,626 - 4,852.39 €
Jan-16 Feb-16  Mar-16  Apr-16  May-16 Jun-16 Jul-16 Aug-16 Sep-16 oct-16 Nov-16 Dec-16 -
Verbrauch kWh 25,868 24,054 23,070 20,700 18,781 20,769 19,400 20,733 20,422 20,407 23,181 22,638 260,023
Netto € 4,611.95€ 4.285.82€ 4.124.07€ 3,617.12€ 3326.83€ 3,627.96€  3.424.31€ 3,634.22 € 3,573.34 € 3,582.87 € 4.007.78€ 3.934.20 € 45,750.47 €
2017
Plus kWh
Pow er Manage Pow er Manager  Pow er Manager Pow er Manager 5,077 2,169.43 €
Jan-17 Feb-17  Mar-17  Apr-17  May-17 Jun-17 Jul-17 Aug-17 Sep-17 oct-17 Nov-17 Dec-17 —
Verbrauch kWh 25,261 21,965 21,934 19,030 19,650 20,663 20,986 20,838 20,309 22,062 26,539 25,863 265,100
Netto € 4301.72€ 3820.77€ 3,86059€ 3458.10€ 3606.23€ 3,682.42€  3,746.80€ 3723.18€ 3,667.23 € 4,15351€ 4,850.09€ 4,959.26 € 4791090€ ___|
ca. Preis KWh/€ 017¢€ 0.17¢€ 0.18€ 018¢€ 0.18¢€ 0.18€ 0.18€ 018¢€ 018¢€ 0.19¢€ 0.18€ 0.19€
32249 € 83.96 € 9389 € 570.64€  842.31€ 1.025.06 € 294335€¢ |
Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 o 2018
Weniger kWh
Verbrauch kWh 26,112 23,452 23,984 18,747 19,852 19,454 20,734 21,259 18,924 21,373 24,226 23,223 261,340 | -3,760 - 4,008.24 €
Netto € 432536 € 3886.29€ 3997.74€ 3,181.67€ 336L65€ 3,290.52€  3497.42€ 3578.25€ 3,208.92€ 3,664.34€ 403L92€ 3.887.58€ 43,911.66 €
ca. Preis kWh/e 017¢€ 0.17¢€ 0.17€ 017¢€ 017¢€ 0.17¢€ 0.17€ 0.17€ 017¢€ 017¢€ 0.17¢€ 0.17€
)
Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 = 2019
Verbrauch kwh 27,781 23,910 24,089 20,305 21,632 20,773 20,568 20,473 17,688 19,939 23545 22,701 263,404 Plus kWh
2,064 6,604.77 €
Netto € 522582€ 451566€ 4587.42€ 391955€ 4,16261€ 4,00046€ 3,978.62€ 3,962.19 € 3,467.04 € 3,860.87€ 4479.77€ 4347.42€ 5051643 €
ca. Preis KWh/E 019¢€ 0.19€ 0.19€ 019¢€ 0.19¢€ 0.19€ 0.19€ 0.19€ 020€ 0.19¢€ 0.19€ 0.19€

B.1: Electricity consumption and cost 2015-2019
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10/01/2018 00:00
10/01/2018 00:15
10/01/2018 00:30
10/01/2018 00:45
10/01/201801:00
10/01/201801:15
10/01/201801:30
10/01/2018 01:45
10/01/2018 02:00
10/01/2018 02:15
10/01/2018 02:30
10/01/2018 02:45
10/01/2018 03:00
10/01/2018 03:15
10/01/201803:30
10/01/2018 03:45
10/01/2018 04:00
10/01/2018 04:15
10/01/2018 04:30
10/01/2018 04:45
10/01/2018 05:00
10/01/2018 05:15
10/01/2018 05:30
10/01/2018 05:45

6.85
6.825
1.2
1.375
6.825
6.9
6.875
6.875
6.875
5.5
5.7
5.7
5.55
5.475
5.625
5.475
5.65
6.35
6.875
6.825
6.75
6.825
6.8
6.825

10/01/2018 06:00
10/01/2018 06:15
10/01/2018 06:30
10/01/2018 06:45
10/01/2018 07:00
10/01/2018 07:15
10/01/201807:30
10/01/2018 07:45
10/01/2018 08:00
10/01/2018 08:15
10/01/2018 08:30
10/01/2018 08:45
10/01/2018 09:00
10/01/2018 09:15
10/01/2018 09:30
10/01/2018 09:45
10/01/2018 10:00
10/01/2018 10:15
10/01/2018 10:30
10/01/2018 10:45
10/01/2018 11:00
10/01/2018 11:15
10/01/2018 11:30
10/01/2018 11:45

6.95
9.025
9.35
10.425
10.775
11.8
12.675
12.475
12.85
12.975
13.25
15.15
16.55
16.575
16.475
17.125
15.9
15.75
15.275
153
15.7
14.525
14.35
14.325

10/01/2018 12:00
10/01/2018 12:15
10/01/2018 12:30
10/01/2018 12:45
10/01/2018 13:00
10/01/2018 13:15
10/01/2018 13:30
10/01/2018 13:45
10/01/2018 14:00
10/01/2018 14:15
10/01/2018 14:30
10/01/2018 14:45
10/01/2018 15:00
10/01/2018 15:15
10/01/2018 15:30
10/01/2018 15:45
10/01/2018 16:00
10/01/2018 16:15
10/01/2018 16:30
10/01/2018 16:45
10/01/2018 17:00
10/01/2018 17:15
10/01/2018 17:30
10/01/2018 17:45

14.6
14.425
14.075

13.65
13.875
13.425

135

141

13.85

13.7
13.125

13.05

14.05

14.4
13.525
13.275
13.175
12.725
12.625
12.975

12.85
11.9
12.65
11.475

10/01/2018 18:00
10/01/2018 18:15
10/01/2018 18:30
10/01/2018 18:45
10/01/2018 19:00
10/01/2018 19:15
10/01/2018 19:30
10/01/2018 19:45
10/01/2018 20:00
10/01/2018 20:15
10/01/2018 20:30
10/01/2018 20:45
10/01/2018 21:00
10/01/2018 21:15
10/01/2018 21:30
10/01/2018 21:45
10/01/2018 22:00
10/01/2018 22:15
10/01/2018 22:30
10/01/2018 22:45
10/01/2018 23:00
10/01/2018 23:15
10/01/2018 23:30
10/01/2018 23:45

B.2: Electricity Load profile every 15 minutes in a typical working day

B.3: Gas consumption and cost 04/2018-04/2019

12.05
11.65
9.6
7.65
6.475
5.575
6.1
5.35
59
5.225
6.175
5.325
5.975
5.225
5.95
7.15
6.95
6.9
6.925
6.925
6.925
6.95
6.925
6.975
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APPENDIX C
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C.1 :Light fixture diagram

C.1: Fluorescent lamp
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DIN 18599 Dok Mation zur

BPL-StB250-WD60-TSD20-ZE65
1 23 4 5 3 Verwendet fiir:
L0 | = Bodenplatte (U=0,383 W/m?K)
N i
N
N
N
N X
N \
a8
s N
N ~
N S
N N\ b N N, R
% L
g R
Dicke [mm]
j= 65 | & 60 3« 250 ~
20
‘'Schicht|Material "y = Dicke ‘fi e ‘ ~ seWert| Antell
[mm] | [W/mK] (m)]  [%]
__ 1] DINV41081.4.1 Zement-Estrich _ _ 85| 1400 15/35 | 0875 1000
2| Damptsperre PE-Folie sd=50m 05 0,500 100000/ 50,000 100,0
ey B 100000 |
3|DIN410B EPS T am 040 DES 20| 0,040 20/50 I 0,400/ 100,0]
4| DIN V 4108 5.2 Expandierter Polystyralschaum 60| 0,035 20/ 1,200 100,0
GW 0,0338 Kategorie 1| ) i i [ | 100 | T
5| DIN EN ISO 10456 Bitumen Membrar/Bahn 15| 0230 50000/ 75,000| 100,0
50000
6| DIN EN ISO 10456 Beton armiert (mit 1% Stanl) | 250 z,anu| 80/ 32,500 1000
| =300 B | | 130
Anmerkung:
U-Wert- far den Jau ohne igung von Korrekturfaktoren.
DIN 18599 Daku ion zur Energiet L t

U-Wert-Berechnung fiir erdberiihrte Bauteile nach DIN EN ISO 13370

— —
OK Erdreich hvd
—#| [—— Wanddicke w=| 0.40 |m]
U-Wert Wand Uw =|_0,19 |[Wim®K]
Tiete z =[0,00]im] i
Reduktionstakior bow = | 1,00] U-Wert Bodenplalle = Wim“.K]
v
Hahe D =[_0.60](m] Breite D=___Jim] L:
Dammdicke dn = [m]
Warmeleitiahigheit An =[ 0,040 [(W/m.K]

Erdreich = Kies/Sand

Flache A <[ 1275 |m'
Perimelerumfang P =| 366 |[m]

Reduktionsfektor bar =[ 056 |

Resultate Bodenplatte
cl st 8= 687 [m
der P d= 549 [m]
Dicke der F ung d= 392 [m]
h U= 038 [Wm'K]
Korrekturwerl bei Randdammung AV = -0,049 [WimK]
R Uo= 023 Win'K]
Reduktionstakior Bodenplatie = 05 []
Anmerkung:
U-Wert: g fdr den i chne mit
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BBS INGENIEURBURO 06.11.2012 AES Bremen

NRF: 336,78|m? Hohe: m

Orientierung: NO,SW Breite: m

Lage: 0G Tiefe: m

Sonnenschutz: |auBenl d, Fc <= 0.4 rad min.

Berechnung des Sonneneintragskennwertes

Fensterfrant 1: :

Fensterfidche (RohbaumaB) Awi=| 175,22|m?

Gesamienergiedurchlassgrad der Verglasung nach DIN EN 410 gi = 0,22

Abminderungsiaktor fir Sonnenschutzvarrichtung Fga= 0,40
Doty =01 " Fq Ototals =| 0,09]

Fensterfront 2:

Fensterfiiche (RohbaumaB) Aga= 175,22| m#

Gesamtenergledurchlasegrad der Verglasung nach DIN EN 410 Oz =] 0,22

Abminderungsfaktor fiir Scnnenschutzvarrichtung Fez = 40
Bowz = 0: " Foz Ghotsiz = 0,08

Nettogrundfische (lichte MaBe)

Sonneneintragskennwert S=E (Aw;* Oow) ! As

Ermittlung des maximal zuldssigen Sonneneintragswertes

Gesamte Fensterflache (RohbaumaBe)
Fensterfliiche nach Norden, Nordosten oder Nordwesten
Aul dfidche (AuB Ba; ohne Fenster)

Dach- oder Deckenflache {AuBenmaBe)

Gewichtete AuBenfiachen fgmw = (A + 0,3 Agy + 0,1 Ap) / Ag
geneigte Fansterflache 0® < Neigung < 60%
Irun: . A'!\r.--m;l ! Awnnm

Kennwart {(r Bauart

Anteilige So agsk 1o:

Klimaregion

Bauart S, = Bauart * 5y
Erhéhte Nachtioftung

Sonnenschutzverglasung

Nardorisntierung

Faensterneigung

Zulassiger Hochstwert des Sonneneintragswertes S.u=ES,

[__Die Anforderungen zum sommerlichen Warmeschutz werden eingehalten.]
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O Bautechnik

Verwendete Konstruktionen

BPL-StB250-WD60-TSD20-ZE65

1 28 4 5 6 Verwendet fiir:
| 1| | Bodenplatte (U=0,393 W/m*K)
X
SN \\\
QAR
SaaaaY
S AN
N A \\ MNANA
N
q SN \\ \\
g AN §
a SRR AR <
4 Javaaianay] 7
O ARNAN N
SANARRANN
QRN AN
AN AN
NN NN
SN \\\\
Dicke [mm]
k| felfe——250 —
65 20
60
Schicht| Material Dicke A iefbe sgWert| Anteil
[mm]| (wWim [m)] [l
1| DIN V 4108 1.4,1 Zement-Estrich 65 1400) 15/35 0,.875| 100,00
2|Dampfsperre PE-Folie sd=50m 05 0,500| 100000 / 50,000 100,0
100000
3| DIN 4108 EPS Trittschall latte 040 DES 20 0,040] 20/50 0,400| 100,0
4| DIN V 4108 5.2 Expandierter Polystyrolschaum 60 0,035 20/ 1,200 1000
GW 0,0338 gorie Il 100
5|DIN EN ISO 10456 Bitumen Membran/Bahn 15 0230 50000 / 75,000 1000
50000
6|DIN EN ISO 10456 Beton armiert (mit 1% Stahl) 250 2,300 80/ 32,500| 100,0
2300 130
Beschreibung:
AW-KS_200-WDVS_160_EPS
1, 3 4 Verwendet fir:
| | Aulenwand NO (U=0,187 W/m?K)
AuBenwand NW (U=0,187 Wim*K)
LA AuBenwand SO (U=0,187 W/m*K)
Aulenwand SW (U=0,187 W/m’K)
[~ =]
@ @
H @
= a
= )
7Y,
Dicke [mm]
|- 200 >fe—>|
160
Schicht | Material Dicke Al peie/Pnax sq-Wert| Anteil
[mm] | (Wiml m]| [%]
1| DIN'V 4108 1.1.1 Putzmortel aus Kalk, 15 1,000f 15/35 0,225 1000
Ki und i Kalk
2| DIN 'V 4108 4.2 Mauerwerk aus Kalksandsteinen 200 0,990| 15/25 3,000 714
1800
DIN EN ISO 10456 Beton armiert (mit 1% Stahl) 200 2,300 80/ 16,000 288
2300 130
3|DIN V 4108 5.2 Expandierter Polystyrolschaum 160 0,032 20/ 3,200 1000
GW 0,0310 Kategorie Il 100
4| DINV 4108 1.1.1 Putzmbortel aus Kalk, 12 1000| 15/386 0,420 100,0{
und Kalk

Beschreibung:

KS-Thermohaut besteht aus einer tragenden KS-Mauerschale und einem beli

(WDVS) nach allg g




DA-HS24-ASD200_MW-SF

12 3 45
I [ 1]

innen
aulien

Dicke [mm]

Verwendet fiir:

Dach NO (U=0,191 W/m?2K)

I k=140 ]
24 40
Schicht | Material Dicke Al poin/Hmax sqg-Wert| Anteil
[mm]| WimK] [m] %]
1|DIN EN ISO 10456 Konstruktionsholz 500 24 0,130| 20/50 0,480 100,0
2| Diffusionsdichte Schicht sd>1500m (z.B. | 0,170 1500000/ | 1500,000| 100,0
Metallfolien cder Bitumenbahnen mit ALU-Einlage 1500000
0.a.)
3| DIN V 4108 5.1 Mineralwalle GW 0,0338 140 0,035 1/1 0,140| 100,0
Kategorie Il
4| DIN V 4108 5.1 Mineralwolle GW 0,0338 40 0,035 171 0,040 85,0
Kategorie Il
DIN EN ISO 10456 Holzwerkstoffe Spanplatte 40 0,180 20/50 0,800 15,0
900
5|EN ISO 6946 Luftschicht 10mm (Warmestrom 8| R=0,068 171 0,008| 100,0
aufwarts - schwach beliftet) m2KW
6| DIN EN ISO 10456 Metalle Stahl 0,8 50,000 999999/ 799,9992| 100,0
999999
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DA-StB200-WD1380/MW

innen

aufen

Verwendet filir:

Dach Verbinder (U=0,184 W/m?K)

Dicke [mm]
le——250 —sjle— 180 —3||
Schicht | Material Dicke A pminfEmax sq-Wert| Anteil
[mm]| wW/mK] [m] [%]
1[DIN EN ISO 10456 Beton armiert (mit 1% Stahl) 250 2,300 80/ 20,000| 100,0
2300 130
2|DIN EN ISO 10456 Bitumen Membran/Bahn 25 0,230 50000/ 125,000 100,0
50000
3| DIN V 4108 5.1 Mineralwolle GW 0,0338 180 0,035 111 0,180 100,0
Kategorie Il
4| DIN V 4108 7.3.3 Glasvlies Bitumendachbahnen 25 0,170| 20000/ 50,000 100,0
nach DIN 52143 60000
5| DIN V 4108 7.3.1 Bitumendachbahnen (DIN 2 0,170 10000/ 160,000 100,0
52128) 80000
Beschreibung:
Blende auf Abstandshalter
Fenstertypen
FE-WSG-1.2_0.60
U-Wert [W/(m?K)] 1,21
g-Wert[-] 0,60
g-Korrektur [-] 0,90
Lichttransmissionsgrad tpgs [-] 0,72
U-Verglasung [W/(m*K)] 1,00
Sond I nein
Beschreibung =
FE-WSG-1.4_0.42
U-Wert [W/(m?K)] 143
g-Wert [-] 0,42
g-Korrektur [-] 0,90
Lict i grad toes [-] 0.70
U-Verglasung [W/(m?K)] 1,10
Sonderverglasung nein
Beschreibung &

C.2: Windows and walls U-Value
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DIN 18599 Dokumentation zur Energiebedarfsberechnung

Gebaudeergebnisse

Jahrlicher Nutzenergiebedarf spezifisch [kWh/{m?a)] absolut [kWh/a]
Heizung 78,53 185.194,77
Trinkwarmwasser 347 8.184,08
Beleuchtung 10,34 24.376,26
Beluftung 0,00 0,00
Kihlung 18,10 42 677,47
Gesamt 110,44 260.432,58
Jéahrlicher Endenergiebedarf (brennwertbezogen) spezifisch [kWh/{m?a)] absolut [kWh/a]
Heizung 30,74 72.480,13
Trinkwarmwasser 1,65 3.886,88
Beleuchtung 10,34 24.376,26
Bellftung 0,57 1.354,84
Kiihlung 8,86 20.888,81
Gesamt 52,156 122.986,92
Endenergiebedarf nach Energietrigern spezifisch [kWh/(m?a)] absolut [kWh/a]
(brennwertbezogen)

Strom-Mix 52,15 122.986,9
Gesamt 52,15 122.986,9
Jéhrlicher Primérenergiebedarf (heizwertbezogen) spezifisch [kWhi(m?a)] absolut [kWh/a]
Heizung 79,91 188.448,34
Trinkwarmwasser 4,29 10.105,89
Beleuchtung 26,88 63.378,28
Bellftung 1,49 3.522,59
Kiihlung 23,03 54.310,90
Gesamt 135,60 319.765,97
EnEV-Werte Ist-Wert Soll-Wert| % vom Soll-Wert
spez. Transmissionswarmeverlust H'y [W/(m2K)] (fur 0,470 - -
KfW)

H'r des Referenzgeb&udes [W/(m2K)] 0,546 86,1 %
spez. Primérenergiebedarf [kWh/(m?a)] 135,60 164,06 82,7 %
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Bautechnik

]

Bauteilliste
Bauteile
Bezeichnung Fliche| Nettofliche |Aus- U-Wert
[m7] [m?] | richtung [Wi{m?K)]
Bodenplatte 1273,57 1273,57 | horizontal 0,440
Aullenwand NO 403,14 272,29 | Nordost 0,190
Auflenwand NW 187,59 149,06 | Nordwest 0,190
AuBenwand SO 187,59 137,35 | Shdost 0,190
Auflenwand SW 404,00 260,16 | Stidwest 0,190
Dach NO 594,74 419,52 | Nordost 0,190
Dach SW 603,73 428,51 | Stidwest 0,160
Dach Verbinder 110,48 110,48 | horizontal 0,180
Fenster
Bezeichnung Fléche U-Wert
[m?] Wim?K)] |
Fenster 3.76x1.45 294,41 1,21
Fenster 2.51x1.45 21,84 1,21
Fenstertir 2.51x2.31 11,60 1,21
Fenster 1.30x1.45 22,62 1,21
Fenster 3.28x1.45 4,76 1,21
Fenstertdr 3.28x2.51 8,23 1,21
Dachverglasung 350,44 1,43
C.3: Annual energy demands evaluation
Monatswerte
Nutzenergiebedarf [kWh/a]| Endenergiebedarf [kWh/a] Primédrenergiebedarf
[kWh/a]
Januar 43.579,89 19.861,21 51.639,14
Februar 34.008,42 15.550,54 40.431,40
Marz 27.592,31 12.498,62 32.499,01
April 13.043,21 6.684,85 17.380,60
Mai 10.033,41 5.547 41 14.423,25
Juni 11.094,80 5.702,56 14.826,65
Juli 14.363,56 6.663,18 17.324,27
August 11.627,32 5.807,32 15.099,03
September 8.715,46 5.102,47 13.266,42
Oktober 17.908,84 8.647,29 22.482,96
November 29,183,68 13.183,38 34.276,79
Dezember 39.281,67 17.737,11 46.116,48

C.4: Overall energy needs per month
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C.5: Electric Water heaters used by the company
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