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6

Abstract7

Today the protection of the environment is becoming a topic of primary importance given the8

intensity of industrial activity around the world and its negative consequences on the9

environment. There are many examples in industry that has shown that reducing pollutant10

emissions is directly related to efficient use of energy in the processes in question. This work is11

part of the valuation and development of systems leading to energy savings in the field of air12

conditioning and cold production. The main objective is the optimization of energy13

performance in order to minimize the environmental impact through a sustainable energy14

system. The use of exergy throughout labor actually identified the benefits of sustainable15

technologies. It is used to assess and improve energy systems, on the one hand, and to better16

understand the benefits of using clean energy.17

18

Index terms— hybrid heat pump, environmental analysis, low energy source19

1 Introduction20

aced with the degradation of ecosystems and the quality of life, social and political concern for the environment21
has continued to grow. Economic life can no longer ignore this aspect thanks to laws, imposed standards and22
political initiatives.23

Whatever their intentions, actors need environmental management tools to assess changes in the environment.24
Thus, the decisions taken in a sustainable development policy need to be designed and evaluated according to a25
suitable frame of reference. By going through all the environmental impacts that an activity can generate, we26
observe a variety of indicators to study.27

Unlike the economic point of view where a single indicator, the financial cost, characterizes the impact of an28
activity, the environmental assessment must be based on a multi-criteria analysis. It is a combination of several29
impacts; it also takes into account the particular importance of each of them with regard to environmental30
aspects. Thus, a multicriteria analysis allows decision-makers to argue their decision by reducing the risk of a31
conflict situation and also seeking solutions that correspond to the best compromise for all stakeholders.32

The analysis of the performances of the various technologies leads in a traditional way to calculate their energy33
balances. In addition, especially when one seeks to optimize a system, the development of its exergy balance is of34
great interest, because this balance makes it possible to quantify irreversibilities. Drawing up an exergy balance35
does not pose any particular difficulty but requires to be done with great care.36

The exergy provides thermodynamics with very relevant tools to be coupled with other approaches: economic,37
ecological, environmental, technological, etc.38

As an indication, exergy analysis and economic analysis form the thermo-economic basis, which is also called39
exergo-economic analysis [1,2]. Thus, an exergy loss directly implies economic losses [3,4]. The consideration of40
exergy efficiency as an additional criterion for comparison with environmental criteria, through ELCA, will provide41
LCA with more relevant tools for accounting for the consumption of abiotic resources. Thus, the increase in the42
exergy efficiency of the processes was considered as a solution to reduce the environmental impacts through the43
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1 INTRODUCTION

reduction of the degradation of natural resources. The most important contribution of ELCA in the framework of44
the implementation of a sustainable development undoubtedly remains the perspective of life cycle which makes45
it possible to save resources and to solve the pollution problems in a definitive way, avoiding thus moving them46
from one point in the production chain to another.47

The choice of the field of refrigeration may seem reductive, in fact, a proven technology exists: absorption.48
These performances can also be considered as resulting from a natural optimization, resulting from know-how49
acquired over several decades of research, and responding to current technical and economic constraints. This50
technology can therefore serve as a test for the various thermodynamic criteria which will be defined below.51

Absorption machines have several advantages such as environmental protection. In addition, this type of52
refrigeration machinery does not use CFCs (chlorofluorocarbons) which deplete the ozone layer, Kang et al. [5],53
Boer et al. [6], Göktun [7], Laouir et al. [8]. They are possibly silent compared to vapor compression machines,54
Riffat and Guoquan [9].55

A recent study [10], combines a conventional vapor compression refrigeration system with an absorption56
refrigeration machine. Indeed, this system has the advantages of both processes, which results in a more profitable57
system. Electricity / thermal consumption is considerably reduced.58

The results obtained show that the value of the coefficient of performance is greater than that of a system59
operating in stand-alone mode. From another perspective, R. Haghbakhsh [11] investigated the feasibility of60
using DES absorbents (Reline, Ethaline or Glyceline) as an operating fluid in absorption refrigeration cycles61
further analysis was performed to assess thermodynamic properties and determine optimal operating conditions.62

The results indicate that these ESD / water working fluids can be adapted to absorption refrigeration cycles63
although their energy efficiency appears to be relatively low.64

Based on an exergetic approach, a study of a new combined cycle power plant assisted by high temperature65
solar energy was proposed by F.Calise [12].66

It is a high temperature solar cooling system coupled with a conventional combined cycle; the aim being to67
improve the efficiency of the system and the electrical capacity.68

The system is analyzed from an exergy point of view, on the basis of an energy-economic model for which the69
efficiency is higher compared to that of a conventional model.70

The results showed that the components of the Joule cycle (combustion chamber, turbine and compressor) are71
the main sources of irreversibility.72

The optimization of the double and triple effect cycles, resulting from research carried out in the laboratory,73
has enabled the design of high-performance installations, which are now on the market. Note that the cycles74
implemented today result from a thermodynamic analysis including the second principle.75

The analysis of absorption cycles has been developed from an energetic as well as an exergetic point of view.76
The latter is based on the notion of exergy destruction and therefore the degradation of the quality of energy77
transformations taking place within the components of an installation.78

Two types of absorption / compression cycles have been selected. [13,14] The first is single-acting, the results79
of the latter are compared to the conventional absorption machine. The results of the second doubleacting80
configuration were also compared with those of the conventional double-acting absorption machine. In terms of81
performance, the single-stage hybrid machine offers relatively greater results when compared to the double-stage82
one [15].83

In another approach, the integration of other organic absorbent / refrigerant pairs is envisaged, in order to84
further optimize the exergy and energy performance of the machine [16].85

The most common refrigerant mixtures are water and lithium bromide mixtures, water being the refrigerant86
and lithium bromide the solvent and the mixture of ammonia and water in which ammonia is the fluid. refrigerant87
and water the solvent. A certain number of characteristics required of the fluids used in compression machines can88
be transposed to absorption machines. In particular: high enthalpy of vaporization, Non-toxicity, Low viscosity,89
High thermal conductivity, A moderate cost.90

Recently, research has focused on the study of new refrigerant / absorbent pairs that can be an excellent91
alternative to conventional pairs. Wang et al [17], in 2011, presented a study of a diffusion absorption refrigeration92
(DAR) system operating with the R23 / R134a couple as refrigerants and DMF (N, Ndimethylmethanamide) as93
absorbent, it These torques have been proven to be a solution for the use of low energy sources.94

A study, carried out by Ben Ezzine et al in 2010 [18] shows that the R124 / DAMC couple provides a higher95
COP than that of ammonia / water and that it presents an intercurrence for solar refrigeration. An experimental96
study prior to the latter two, in 2008 carried out by Muthu et al [19], shows that the COP of a refrigeration97
system using the R134a / DMAC couple reaches 45% under the test conditions and that this couple can be also98
used for low energy sources.99

It is customary to evaluate the efficiency of energy transformations by calculating the energy yield, in fact,100
according to the first principle of thermodynamics, for each process, energy is conserved. It can neither be101
destroyed nor produced. In contrast, the exergy approach, as determined as the energy method, results from102
the second principle of thermodynamics, and focuses on the degradation of energy during a process. Exergy103
potentially presents a powerful tool that is used to carefully assess the quality of the flows involved in a well-104
defined process. The resulting analysis can be used as a benchmark in optimizing energy systems [20]. This105
analysis also makes it possible to identify areas of failure in a process in order to design new systems contributing106
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to sustainable development [21]. Different indicators resulting from exergy analysis have been supported by [22]107
to assess the sustainability of an energy process within the framework of industrial ecology. These parameters108
take into account exergy efficiency and environmental efficiency.109

Indeed, different methods have been proposed for the energy evaluation of the performance of anthropogenic110
systems. The motivation for these studies was mainly rooted in the economic industry, but there were implicit111
and explicit environmental concerns permeating.112

The inability of standard exergy analysis to determine the best configurations when monetary costs have113
been approached, in the field of process analysis, by: a theory of common economics and thermodynamics,114
correctly termed thermo-economics, developed to industry standards over the past ten years or so on the basis115
of formulations. In this approach, the yields are calculated via an exergy analysis, and the non-energy costs116
(capital, interest, overheads, labor, maintenance, insurance, etc.) are linked to the technical and thermodynamic117
parameters of the process considered.118

One of the objectives of EEA (Extended exergy accounting) is to go beyond thermo-economics and to develop119
a formally complete theory of costs based either on an exergy or monetary metric, that is to say a general120
pricing method in which kJ / kg or kJ / kW are perfectly and systematically equivalent to ? / kg and ? / kW,121
respectively).122

The first extrapolations of exergy in the context of sustainable development focused on the valuation of natural123
resources and process waste (Belhani, 2008) [23]. The basic idea is to minimize the irreversibilities related to124
non-renewable resources. The exergy also brings a good clarification which identifies two primordial criteria, the125
quality and the degradation of the energy;126

Life Cycle Analysis is concerned with the environmental impacts generated throughout the product life127
cycle. However, the objective is to go beyond taking the environment into account and provide practical128
recommendations on the integration of social and economic dimensions in decision-making, from a life cycle129
perspective [24]. Consequently, the life cycle analysis becomes a step in a more comprehensive approach to130
sustainable development and not an objective in itself. According to Grisel and Osset [25], life cycle management131
aims to improve the environmental performance of an industrial sector through eco-design. The eco-design or132
control of the environmental impacts of a product is based, at best, on its Life Cycle Analysis (LCA) [26]. Eco-133
design appears as a process of integrating environmental aspects into the design and development of products,134
the objective of which is to reduce the environmental impacts of products throughout their life cycle. Thus,135
eco-design appears as a solution so that companies can integrate the priorities of individuals with regard to136
sustainable development into commercial interrelationships [27]. Breset and Van Hemel defined eco-design as a137
sustainable solution which consists in finding the perfect balance between ecological and economic requirements138
in product development.139

Eco-design integrates environmental considerations into product life cycle reasoning. To be more precise, this140
concept means reducing from design the impacts in economic, social and environmental terms, and maximizing141
the concept of sustainable development over all stages of a product’s life cycle. By adopting an eco-design142
approach, companies can develop products that are more respectful of the environment while maintaining the143
objectives of competitiveness, quality and time to market. Therefore, LCA aims to enable companies that use144
it to improve their performance from an eco-efficiency perspective. This is a concept that was revealed at the145
Rio conference in 1992. According to the WBCSD (World Business Council for Sustainable Development), it is146
about providing goods and services at competitive prices that meet the needs. human beings and improve the147
quality of life while gradually reducing ecological impacts and resource consumption throughout their life cycle.148

Cornelissen redefined the concept of sustainable development, incorporating the notion of exergy, as follows:149
”for sustainable development, the destruction of the exergy reservoirs of natural resources must be minimized to150
a level at which there is no no damage to the environment and to which the supply of exergy to future generations151
is secured”.152

Indeed, exergy and LCA can be used for sustainable development. The methodology which brings together153
these two tools in a single composition called Exergy Life Cycle Analysis. Indeed, it will take advantage of the154
strong bridges separated from each approach for the establishment of sustainable development on the one hand.155

Exergy is reputed to be an effective means in the political decision-making of energy strategies as it is the only156
function which harmonizes energy, environment, economy and sustainable development [28]. The classic definition157
of ”nothing is created, nothing is lost, everything is transformed”, with the exception of nuclear reactions, makes158
the concept of the depletion of materials and non-renewable energies subjective.159

On the other hand, the consumption of resources is also a form of damage to the environment; a resource is160
a substance, an ordered state, out of balance with the environment, therefore having a high exergy value; the161
consumption of a resource therefore reflects a loss of exergy value.162

Lombardi [29] rethinks that exergy efficiency is an additional element of review to the environmental criteria163
used in the methodological framework of LCA, because exergy cannot replace the impact assessment methods of164
the methodological framework of LCA.165

Exergy can be utilized by combining with ACV at three levels:166
? Simultaneously with LCA for inventory accounting and as a criterion for the depletion of natural resources,167

thus constituting an additional criterion judging the effectiveness of the scenarios studied;168
? A pre-selection criterion, judging the effectiveness of the scenarios studied before being analyzed by a full169
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6 EXERGETIC ANALYSIS

LCA; ? A post-selection criterion, judging the effectiveness of the scenarios studied beforehand by a complete170
LCA. However, improving the exergy efficiency of processes is revered as a way to reduce environmental impacts171
through reducing degradation of natural resources. The objective of this study is to carry out a comprehensive172
analysis of the life cycle of a cooling system from renewable energy sources, presenting its consequences on the173
environment.174

2 II.175

3 System Presentation176

In this paper, we propose to study a hybrid compression/absorption heat pump for which we have introduced177
new refrigerants chosen for their environmental characteristics and which allow the system to be adapted to a178
source with low enthalpy value.179

4 Fig. 1: Hybrid heat pump180

The heat pump (figure ??), subject of this study, is a combination of the conventional absorption pump and the181
compression pump. A compressor is injected into the cycle, upstream of the absorption part, in order to improve182
the absorption process. The system operates at three pressure levels: the refrigerant vapor leaving the evaporator183
(1) is at the lowest pressure (PEV). It is compressed by an isentropic transformation (2) into an intermediate184
pressure (P2) and finally injected into the absorber. The rich solution from the absorber (3) is heated by the lean185
solution from the bottom of the generator (5) by a solution heat exchanger. The condenser and the generator186
operate at the third pressure level (PCD) which is the condensing pressure.187

Numerical analysis was performed using Aspen plus software. The thermodynamic properties of binary188
mixtures were determined using the NRTL model based on experimental results. When it is necessary to choose189
a working fluid for an application, it is generally desired that it lead to high energy performance and that it be190
suited to the operating conditions of the cycle.191

A certain number of characteristics required of the fluids used in compression machines can be transposed to192
absorption machines. The criterion of non-toxicity is essential, the fluid must be nonflammable, non-explosive,193
non-corrosive, and has no dangerous physiological action.194

Some researchers have focused on new refrigerant / organic absorbent pairs that can be a good alternative to195
classic pairs.196

The configuration proposed represents an improved cold production system for which a new organic pair197
R245fa / DMAC (1,1,1,3,3-Pentafluoropropane / N, N-dimethylacetamide) has been integrated. This family of198
refrigerants is characterized by a low global warming potential (GWP).199

The results showed that the new configuration has the same energy performance as that of the conventional200
system. The optimum COP is around 45% for R245fa / DMAC, however, the same value is obtained for a201
conventional system where the operating pressure is in the order of 600kPa. In addition, the added value lies in202
the adaptation of the machine to organic mixtures which have a relatively low temperature and between 60 ° C203
and 80 ° C, which allows the use of energy sources with low energy value. The exergy analysis also revealed a204
decrease in the irreversibility of the system.205

In reality, the use of such refrigerants allows the installation to be adapted to a low energy source.206

5 III.207

6 Exergetic Analysis208

The exergy balance is based on the exergy destruction method, it is calculated for each component as follows209
[30]:210

The first two terms represent the exergy of the flows entering and leaving the control volume.211
The third and fourth terms are the exergy associated with the heat transfer Q ? of the source maintained at212

a constant temperature T and equal to the work obtained by the Carnot engine operating between T and T0,213
and is therefore equal to the maximum reversible work that can be obtained from thermal energy Q. The last214
term is the mechanical work transferred to or from the control volume. ???? ?? ? is the thermal exergy and is215
expressed as follows [31,32]:???? ?? ?= ?? ?(1 ? ?? 0 ?? ? )(2)216

We can also express the loss of exergy in terms of exergy efficiency; it is the rate between the exergy of entry and217
that of exit [33]:?? ???? = ???????????? ???????????? ???????????? ????????????????????è????????????????(3)218

Several hypotheses were taken into account in the exergy study:219
? Kinetic and potential exergy is neglected.220
? All transformations are in a stable state.221
? Pressure and heat losses in the system component are neglected.222
? The exchange temperature is the logarithmic mean temperature of the inlet and outlet. ? The reference223

temperature and pressure P0 and T0224
are respectively 1atm and 25 ° C.225
IV.226
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7 Environmental Analysis227

The sum of the exergy destruction gives the irreversibility of the life cycle of the system and therefore the impact228
indicator of the depletion of natural resources.229

Exergy analysis is a focused approach and it does not take into account the exergy developed throughout the230
production chain.231

It is in this sense that the Analysis of cumulative exergy consumption (CExC).232
Indeed, this method is used to assess the exergy of all-natural resources consumed in a process.233
It takes stock of the quality of the resources and it is expressed as follows:???????? = ? ???? ??,?? ?? ??(4)234
With: ???? ??,?? the exergy of natural resource i which is part of the process and N is the number of natural235

resources.236
This approach has been applied for different industrial processes [34].237
CExC analysis is based on the same principle of LCA where all the elements involved in the process are taken238

into account.239
In fact, the notion of exergy has been exploited in the context of life cycle analysis as an alternative to methods240

of measuring the depletion of natural resources [35].241
Likewise, the added value in relation to sustainable development is to reduce irreversibilities due to the use of242

non-renewable resources.243
Improving exergy efficiency imperatively leads to a reduction in environmental impacts.244
In the same context, efforts have been made to oust the multicriteria side of the LCA environmental study by245

a single quantity which is exergy.246
Indeed, it was introduced in the LCA methodology to be used as a uniform indicator of the total environmental247

impact [36].248
It is approved as a unit of measure for the potential of a pollutant to cause environmental degradation [37].This249

will allow us to minimize the amount of data with a single magnitude that clarifies vision without resorting to250
parameters used in conventional LCA and which are deemed to be subjective;251

8 a) Solar source252

From the perspective of producing energy more economically, the ability to limit wastage rates is a major issue.253
The proposed new model uses the principle of cogeneration, already applied in some thermal power plants, and254
which consists in producing both electricity and heat from the same primary source.255

In the case of solar cogeneration, this involves combining, in a single module, conventional photovoltaic solar256
cells and a waste heat recovery system. The main objective is to improve the performance of the machine while257
preserving the environment. The originality of the project is based on the addition of a photovoltaic system to258
serve the compressor.259

In addition, the use of the heat released by the photovoltaic cells will heat the coolant in order to improve260
the operation of the generator. This concept offers a relatively high production of electricity and heat on the261
same surface and improves the efficiency of these panels, which decreases with increasing temperature. For the262
modeling of the improved heat pump, the work was carried out for a condensing temperature equal to 40 ° C,263
the temperature of the generator in fact varies according to the daily solar radiation.264

He basic function of the photovoltaic installations analyzed in the context of this work is the production of265
electricity.266

The functional unit of the LCA should be determined in correspondence with the function of the observed267
system and serves as a basis of comparison for the analysis of the results of different photovoltaic power generation268
systems.269

The environmental impact assessment stage translates elementary flows into environmental impacts.270

9 It includes classification of emissions by impact category,271

intermediate characterization and damage characterization.272

The indicators selected in this work include environmental273

impact indicators and energy flow indicators, namely:274

? Global warming potential at 100 years (GWP100) in kg CO2 equivalent. ? Consumption of renewable primary275
energy in MJ.276

? Consumption of non-renewable primary energy in MJ.277
? The environmental assessment of the PV system is based on three different stages: ? Generation of impact278

factors on PV systems to estimate the environmental impacts of the PV system.279
? Evaluation of the productive life cycle of the photovoltaic installation on the prospective site and on280

the reference site (reference sunshine). ? -Voluntary environmental effects of the PV system reported to281
the UF functional unit. Two types of results are expected for the environmental impacts: the environmental282
impacts linked to the producible estimated on the anticipated site of the installation and the so-called reference283
environment.284
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13 RESULTS AND DISCUSSIONS

To calculate these impact factors, two steps are necessary:285
The first step is to calculate the impact factors per process such as:?????? ?? = ???? ?? . ????(5)286
The impacts of each of the processes are calculated according to equation ( 5) and then added to obtain the287

impacts corresponding to each PV subsystem (PV infrastructure, additional infrastructure, site, maintenance).288
The impacts of the PV system are finally obtained by summing the impacts of each PV subsystem.289

At the end of the first step, the impacts of the PV system on its life cycle are defined to calculate the290
environmental impacts by the power of the PV system:?????? ?????????? (?????? ) = ?????? ???????????? ????291
?????????? ??????(6)292

The PV impact factor (kWp) corresponds to the environmental impacts of the photovoltaic installation per293
nominal power.294

To assess the producible, we opt for a simplified method allowing component manufacturers to have a reference295
calculation to estimate production and thus serve as a basis for comparison for different products.296

To estimate the production potential over the life cycle of the PV system, Equation ( 7) is used:?? ??????????297
= ? ( ?? ?? . ???? ???????? . ???? ???????????? ?? ???????????? ???????????????? ???? ????? ??????????????298
? 100 ???.??100??=0 (7)299

The degradation of the modules reduces the efficiency of the photovoltaic system during the lifetime. A linear300
degradation of 0.7% per year must be considered, which corresponds to a total degradation of 20% at the end of301
the life of the modules. A 30-year module life should be considered.302

The value of the coefficient of performance of a PV system, which is a correction factor for the overall efficiency303
of the photovoltaic installation, depends on:304

? DC / AC conversion system ? Actual operating temperature of the modules305

10 ? Type of module integration306

The following equation is used to assess the environmental impacts of the PV system based on the functional307
unit:?????? ???? = ?????? ???????????? ???? ?? ??????????(8)308

Impacts by functional unit must be calculated for each impact category chosen.309

11 b) Wind source310

The life cycle stage responsible for the majority of the impact for the two wind energy sectors is the manufacture311
of components, using mainly fossil energy.312

In order to carry out the LCA of a product, it is essential to define its function. In our case, the functional313
unit chosen for this LCA is as follows:”1 kilowatt-hour, from wind power production capacity, delivered to the314
electricity grid, for a lifespan of 20 years” State-of-the-art environmental assessments report that the majority of315
studies consider a system life of 20 years (Arvesen, 2012).316

An average load factor is used in order to be as representative as possible over the lifetime of the installation.317
The environmental impact assessment step translates elementary flows into environmental impacts. It includes318
the classification of emissions according to impact categories.319

It makes it possible to detect the main contributors to the impact on each indicator. The phases of the life320
cycle are first studied in order to understand their responsibilities as a whole and then to specify which processes321
and substances are responsible for the impact.322

12 c) Biomass source323

This part is devoted to the LCA of a biomass recovery system, namely forest residues.324
The UF chosen for this study is a ton of biomass that feeds our system. This UF is generally chosen by studies325

aiming to recover agricultural and forestry waste [38].326
The structure of the project consists of subdividing the system into a set of elementary modules ??39].327
The application of life cycle analysis in the bioresources sector reveals specific issues.328
Until now, the questions asked to the specific problems of LCA applied to products of biomass origin have not329

all been answered and the answers that have been provided have not been the subject of a consensus. Real at330
the level of the LCA community.331

From the extraction of their raw material to their end of life, biomass products are the source of various332
carbon-biomass flows.333

V.334

13 Results and Discussions335

The objective of this investigation is to analyze the different models, so management and life cycle thinking are336
very important.337

The best solution must have the lowest environmental impacts; this exergetic methodology makes it possible338
to evaluate the scenarios considered and to achieve this objective.339
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14 a) Solar heat pump340

In figure ??, we can see the contribution of each stage of the life cycle on the indicator of global warming for341
solar configuration. The stage mainly responsible for the impact is the construction phase with a contribution of342
88% Fig. ??: Climate change (KgCO2eq/Kwh).343

In the following Figure 3, we can see the contribution of each stage of the life cycle on the indicator of Ozone344
Layer Depletion. Mainly, the element responsible for the impact is the PV system with a contribution of 90%. For345
renewable primary energy consumption (figure 4), the contribution of each stage of the life cycle is also assessed.346
Essentially, the element responsible for the impact is the site. The following figure ?? shows the contribution of347
each indicator to the system life cycle.348

Obviously, that of non-renewable primary energy consumption has the most important contribution.349

15 Fig. 5: ImpUF350

The indicators that result from the exergy methodology are irreversibility and CexC. They have been evaluated351
in the installation and shown in the following figure 6. for the impact is the manufacturing phase with a 60%352
contribution including an avoided impact of 22% through end of life. The main sources of impact related to the353
manufacture are for the rotors the composition of the blades, the amount of steel in the nacelles and in the masts,354
and finally the manufacture of clinker in the concrete of the foundations. These materials emit CO2 primarily355
because of the energy they consume to be produced.356

In figure 8, we can see the contribution of each stage of the life cycle on the indicator of global warming.357
The step primarily responsible for the impact is the manufacturing phase with a 66% contribution including an358
avoided impact of 23% through end of life. The steel industry is considered to be a major emitter of greenhouse359
gases, with up to two tonnes of CO2 emitted for one tonne of steel produced. These emissions are mainly linked360
to the energy used in the various transformation processes.361

The impact of the rotors is entirely related to the use of epoxy reinforced fiberglass, the production process of362
which requires a great deal of energy.363

The impact of the operation and maintenance phase is linked to the transport of maintenance workers because364
of the CO2 emitted directly by the technicians’ vans.365

The total contribution of the construction and deconstruction parts of the fleets is linked to the quantity of366
fuel used in construction machinery. Freight has little impact on this indicator despite a type of truck transport.367
In Figure 9, we can see the contribution of each stage of the life cycle on the indicator of CED NR. The step368
primarily responsible for the impact is the manufacturing phase with a 64% contribution including an avoided369
impact of 29% through end of life.370

In general terms, the substances responsible for the impact are the main types of non-renewable resources371
used for energy production: oil, gas, coal and uranium. These impacts are mainly related to the production of372
steel for masts and nacelles as well as plastic / epoxy fibers for blades and nacelles. In Figure 10, we can see the373
contribution of each life cycle stage on the indicator of CED R. The stage mainly responsible for the impact is374
the conversion of kinetic energy using wind power. In fact, we are studying the impact of 1 kWh from the wind375
power sector, it is logical to find this kilowatt hour in the demand for non-renewable energy.376

In addition to the environmental impacts presented above, the figure 11 shown below shows the two ecological377
indicators that result from the exergy analysis, namely, the irreversibility and the CexC assessed in the378
installation. The biomass carbon balance is not always zero. In the case of the landfill scenario, the degradation379
being slow and incomplete, at the end of its life, all the biomass carbon is not enlarged. One of the simplifying380
methodological choices adopted with regard to the consideration of flows linked to biomass carbon is to make381
the hypothesis of neutrality, on the basis that the fixed carbon is enlarged during the product’s life cycle.382

The methodological choice of not taking into account the flows linked to biomass carbon does not make it383
possible to assess the negative or positive impact of these flows. For example, it puts a cut and burnt forest and384
a sustainably managed forest at the same level. On the contrary, taking into account biomass carbon will make385
it possible to differentiate an exotic wood product from sustainably managed forests from a product resulting386
from deforestation which cannot claim CO 2 removal.387

Likewise, this methodological choice does not make it possible to account for the improvement in the energy388
efficiency of biomass boilers.389

Thus, the climate change indicator may turn out to be negative, reflecting a beneficial effect in the fight390
against climate change, if the biomass carbon is not fully expanded during its life cycle and if it offsets the GHG391
emissions of ’fossil origin. This will be all the more true as biomass carbon will be permanently stored, that is392
to say beyond 100 years.393

Evaluating the environmental impact of a product, essential for decision support in the context of progress394
initiatives, is a difficult and complex subject to deal with, encompassing many parameters and affecting multiple395
criteria.396

16 General Conclusions397

At a time of awareness of the finitude of resources and the growing need for energy, the concept of sustainable398
development must take a central place in the evolution of society. To achieve this goal, it is now recognized that399
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16 GENERAL CONCLUSIONS

a profound change in consumption is needed; whether it is energy consumption or finished products. We believe400
that this paradigm shift is only possible if all actors move forward in concert on the various issues we are facing.401
Everyone at their own level must therefore be able to make the decisions that are binding on everyone. This is402
the logic that motivated the study of this thesis, we are studying the possibility of a sustainable cold production403
solution.404

Reducing energy needs and CO 2 emissions is of major interest in the general context of rising energy prices405
and ecological demands.406

Traditional approaches to energy optimization often focus on improving the efficiency of individual equipment,407
or that of energy infrastructure. This is where the energy integration of processes comes into play, with the408
objective of optimizing processes from a global perspective.409

Exergy Analysis itself is a valuable tool in energy integration. Within the imposed framework of minimizing410
total annual costs, entropy analysis helps determine the optimal plant concept, optimize energy conversion and411
use, and improve profitability.412

It is an original contribution concerning the impact on the environment of all anthropogenic activities and413
showing that exegetical efficiency constitutes a fundamental criterion for the preservation of the environment.414

The objective of this work is to study cold production scenarios in order to determine which is the most415
eco-efficient.416

This study was eventually expanded. The results obtained confirmed the possibility of adapting the heat pump417
to a renewable energy source. In our case, we opted for three types of sources: solar, wind and biomass.418

The results can be seen as tools to help define new energy and environmental policies.419
The consideration of exergy efficiency as an additional comparison criterion to environmental criteria, through420

the Exergy Life Cycle Analysis, will endow Life Cycle Analysis with more relevant tools for accounting for the421
consumption of abiotic resources. Thus, the increase in the exergy efficiency of the processes was considered as422
a solution to reduce the environmental impacts through the reduction of the degradation of natural resources.423
As a result, ELCA was retained in this work as a tool for comparing cold production scenarios. It has provided424
us with relevant tools for comparison between the different stages of the models proposed by identifying areas of425
potential for environmental improvement. 1 2

3

Figure 1: Fig. 3 :
426

1© 2021 Global Journals
2( ) GEnvironmental and Exergetic Investigation of Low Energy Sources Organic Hybrid Heat Pumps
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Figure 2: Fig. 4 :
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Figure 3: Fig. 6 :
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Figure 4: Fig. 7 :
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Figure 5: Fig. 8 :
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Figure 6: Fig. 9 :
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Figure 7: Fig. 10 :
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Figure 8: Fig. 11 :
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Figure 9: Fig. 12 :

Figure 10:

11



16 GENERAL CONCLUSIONS

12



[Yantovskii et al. ()] , Eugene I Yantovskii , Göran& Wall , Lindquist . Lars & Tryggstad 1994. (Joakim)427

[Hedzer and Van Der Kooi ()] , Anita Zvolinschi Signe Kjelstrup Olav Bolland Hedzer , J Van Der Kooi . Exergy428
Sustainability Indicators as a Tool in Industrial Ecology 2007. 11 p. .429

[Ben Ezzine et al. ()] A numerical investigation of a diffusion-absorption refrigeration cycle based on R124-430
DMAC mixture for solar cooling, N Ben Ezzine , R Garma , A Bellagi . 2010. Energy. 35 p. .431

[Mehdi (2008)] Analyse de cycle de vie exergétique de systèmes de traitement des eaux résiduaires, THESIS,432
Belhani Mehdi . 10 December 2008. Institut National Polytechnique de Lorraine (spécialité Génie des Procédés433
et des Produits)434

[Grisel and Osset ()] analyse du cycle de vie d’un produit ou d’un service -applications et mise en pratique, L435
Grisel , P Osset . 2004. AFNOR.436

[Bertrand Fankam Tchanche et al. ()] ‘Antonios Frangoudakis, Fluid selection for a low-temperature solar or-437
ganic Rankine cycle’. George Bertrand Fankam Tchanche , Gregory Papadakis , Lambrinos . Applied Thermal438
Engineering 2009. 29 p. .439

[Riffat and Qiu ()] ‘Comparative investigation of thermoelectric air-conditioners versus vapour compression and440
absorption air-conditioners’. S B Riffat , G Qiu . App. Th. Eng 2004. 24 p. .441

[Bargigli et al. ()] Comparison of thermodynamic and environmental indexes of natural gas, syngas and hydrogen442
production processes, Energy, Silvia Bargigli , Marco Raugei , Sergio Ulgiati . 2004. 29 p. .443

[Conférence Internationale des Energies Renouvelables (CIER-2016) Proceedings of Engineering and Technology -PET Pol]444
Conférence Internationale des Energies Renouvelables (CIER-2016) Proceedings of Engineering and445
Technology -PET Pol, 16 p. .446

[Laouir et al. ()] ‘Cycle de frigopompes ? absorption en cascades matérielles-détermination du nombre d’étages447
optimal pour le mélange ammoniac-eau’. A Laouir , P Legoff , J M Hornt . Int J. Refrig 2002. 25 p. .448

[Brezet and Hemel ()] Ecodesign-A promising approach to sustainable production and consumption, J C Brezet ,449
Van Hemel , C . 1997. UNEP, United Nations Pubication.450

[Karlsson and Luttropp ()] ‘EcoDesign: What’s happening? An overview of the subject area of EcoDesign and451
the papers in this special issue’. R Karlsson , C Luttropp . Journal of Cleaner Production 2006. 14 p. .452

[Bouaziz and Lounissi ()] ‘Energy and exergy investigation of a novel double effect hybrid absorption refrigeration453
system for solar cooling’. Nahla Bouaziz , D Lounissi . International journal of hydrogen energy 2005. 40 p. .454

[Bouaziz and Lounissi ()] ‘Energy and exergy investigation of a novel double effect hybrid absorption refrigeration455
system for solar cooling’. Nahla Bouaziz , D Lounissi . International journal of hydrogen energy 2015. 40 p. .456

[Haghbakhsh et al. ()] ‘Energy Conservation in Absorption Refrigeration Cycles Using DES as a New Generation457
of Green Absorbents’. R Haghbakhsh , H Peyrovedin , S Raeissi , A R C Duarte , A Shariati . Entropy 2020.458
22 p. 409.459

[Bejan ()] Entropy generation minimization, A Bejan . 1996. Boca Raton, FL: CRC Press.460

[Bouaziz et al. ()] Exergetic Analyses of a Particular Absorption Cooling System, Defect and Diffusion Forum,461
N Bouaziz , D Lounissi , L Kairouani , M El Ganaoui . 2012. p. .462

[Calise et al. ()] ‘Exergetic Analysis of a Novel Solar Cooling System for Combined Cycle Power Plants’. F Calise463
, L Libertini , M Vicidomini . Entropy 2016. 18 p. 356.464

[Toujania et al. ()] ‘Exergetic Comparison of Two Configurations for an Upgraded Absorption/Compression Heat465
Pump Integrated Organic Mixtures’. R Toujania , R Bayindir , N Bouaziz , I Colak . 7th International466
Conference on Renewable Energy Research and Applications (ICRERA), (Paris) 2018. 2018. p. .467

[Toujani et al.] Exergetic comparison of two novel mixtures for an upgrated absorption/compression heat pump:468
R245fa/DMAC and R236fa/DMAC, Rabeb Toujani , Dorra Lounissi , Nahla Bouaziz . p. 4.469

[Seager and Et Theis ()] ‘Exergetic pollution potential: Estimating the revocability of chemical pollution’. T P470
Seager , T L Et Theis . Exergy an International Journal 2002b. 2 p. .471

[Morris ()] ‘Exergy analysis and cumulative exergy consumption of complex chemical processes, the industrial472
chloralkali processes’. D R Morris . Chem. Eng. Sci 1991. 46 p. .473

[Chen and Chen ()] Exergy analysis for resource conversion of the Chinese Society under the material product474
system, B Chen , G Q Chen . 2006. 1993. Energy. 31 p. .475

[Exergy analysis: An efficient tool for process optimization and understanding. Demonstrated on the vinyl-chloride plant of Akzo Nobel Pages S545-S552 (1998)]476
‘Exergy analysis: An efficient tool for process optimization and understanding. Demonstrated on the vinyl-477
chloride plant of Akzo Nobel’. Pages S545-S552, 15 March 1998. 22. (A.J.G.G. Gravelandab E. Gisolfab)478

[Muthu et al. ()] ‘Experimental studies on R134a-DMAC hot water based vapor absorption refrigeration systems’.479
V Muthu , R Saravanan , S Renganarayanan . International Journal of Thermal Sciences 2008. 47 p. .480

13



16 GENERAL CONCLUSIONS

[Lombardi ()] ‘LCA comparison of technical solutions for CO 2 emission reduction in power generation’. L481
Lombardi . Energy Conversion and Management 2003. 44 p. .482

[Subramaniam et al.] Life cycle assessment of the production of crude palm kernel, V Subramaniam , C Y May483
, H Muhammad , Z Hashim , Y A Tan , P Wei .484

[Gong and Et Wall ()] ‘On exergy and sustainable development-Part 2: Indicators and methods’. M Gong , G485
Et Wall . Exergy an International Journal 2001. 1 (4) p. .486

[Göktun ()] ‘Performance analysis of a heat engine driven combined vapor compression-absorptionejector487
refrigerator’. S Göktun . En. Con. Mgmt 2000. 41 p. .488

[Bouaziz et al. ()] ‘Performance of a water ammonia absorption system operating at three pressure levels’. N489
Bouaziz , Ben Iffa , R Kairouani , L . Mechanics & Industry 2011. 3 (4) p. .490

[Boer et al.] Performance of double effect absorption compression cycles for air-conditioning using methanol-491
TEGDME and TFE-TEGDME, D Boer , M Valles , A Coronas .492

[Kang et al. ()] ‘Review of advanced absorption cycles: Performance improvement and temperature lift enhance-493
ment’. Y T Kang , Y Kunugi , T Kashiwagi . Int. J. Refrig 2000. 23 p. .494

[Mussati et al. ()] ‘Superstructure-Based Optimization of Vapor Compression-Absorption Cascade Refrigeration495
Systems’. S F Mussati , T Morosuk , M C Mussati . Entropy 2020. 22 p. 428.496

[Chen and Qi ()] Systems account of societal exergy utilization: China, Q Chen , Z H Qi . 2003. 2007. ecological497
modeling p. .498

[Dincer ()] ‘Technical, Environmental and Exergetic Aspects of Hydrogen Energy Systems’. I Dincer . Interna-499
tional Journal of Hydrogen Energy 2002. 27 p. .500

[Dincer ()] ‘The role of exergy in energy policy making’. I Dincer . Energy Policy 2002. 30 (2) p. .501

[Cornelissen and Hirs ()] The value of the exergetic life cycle assessment besides the LCA, Energy Conversion502
and Management, R L Cornelissen , G G Hirs . 2002. 43 p. .503

[Beijing ()] Thermodynamic Analysis and Improvement of Energy Systems ON EXERGETICS, ECONOMICS504
AND OPTIMIZATION OF TECHNICAL PROCESSES TO MEET ENVIRONMENTAL CONDITIONS,505
Mei Gong and Göran Wall, TAIES’97, China Beijing . June 10-13, 1997.506

[Reyes ()] éco-conception dans les PME: Les mécanismes du cheval de troieméthodologique et du choix de507
trajectoirescommevecteursd’ intégration de l’environnementen conception, Thesis, T C Reyes . 2007. Université508
du Sud Toulon-Var509

14


	1 Introduction
	2 II.
	3 System Presentation
	4 Fig. 1: Hybrid heat pump
	5 III.
	6 Exergetic Analysis
	7 Environmental Analysis
	8 a) Solar source
	9 It includes classification of emissions by impact category, intermediate characterization and damage characterization. The indicators selected in this work include environmental impact indicators and energy flow indicators, namely:
	10 ? Type of module integration
	11 b) Wind source
	12 c) Biomass source
	13 Results and Discussions
	14 a) Solar heat pump
	15 Fig. 5: ImpUF
	16 General Conclusions

