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ABSTRACT 
 
The majority of parabolic trough concentrating solar power plants consist of an indirect system where the heat  transfer fluid (typically synthetic oil) exchanges energy with a 
secondary circuit which is connected to the power cycle. Synthetic oil has a technical limitation by the maximum operating temperature. This results in the search  for new fluids. 
On the other hand, with the aim of having energy when there is no sun shining, it has increased the use of thermal storage. Thermal energy storage systems are composed of 
molten salts and presents higher operating temperatures than synthetic oil. Thus, direct systems, in which thermal storage and heat transfer fluid are unified and normally molten 
salts, emerge to improve the power cycle performance. To determine the future potential of direct systems, this paper evaluates the environmental damage of two types of 
molten salts and synthetic oil in order to decide whether the use of salts is better than synthetic oil, from an environmental point  of view by using the Life Cycle Assessment (LCA) 
techniques. LCA results showed greater impacts in the synthetic oil case than the molten salts 
 
 
 

 
1. Introduction 

 
According to International Energy Agency's projections, energy de- 

mand will be increased by one third, and energy-related CO2 emission 

will rise by 20% until 2040 [1]. 

This is a context with urgent need to decarbonize [2] the current 

energy miX. Renewables are the big winners in the race to meet energy 

demand growth [3]. 

Concentrating solar power (CSP) presents huge potential for the 

large-scale deployment of clean renewable energy [4–6]. 

With a growing demand to develop and improve upon the sustain- 

able utilization of renewable energies in general and CSP in particular, 

different designs and replacements to effectively store and transform 

solar power have been submitted [7]. 

The parabolic trough collectors’ system is currently the most de- 
veloped and implemented worldwide CSP technology [8]. It constitutes 

more than 80% [9] of plants under operation and construction. 

In these systems, sun thermal energy is transmitted to a heat transfer 

fluid (HTF). Solar radiation is concentrated. Then, HTF exchanges en- 

ergy with a secondary circuit which is connected to the power cycle. 

Also, in CSP plans it is possible to incorporate a Thermal Energy Storage 

(TES) system. TES technology solves the time mismatch between solar 

energy supply and electricity demand, which provides a distinct 

 
advantage to CSP plants compared to other renewable energies [9]. 

The maturity of molten salt storage technology has promoted that 

over 80% capacity under construction has incorporated energy storage 

[9]. However new materials are needed for the expected worldwide 

deployment in CSP plants and they should include not only technical 

and economical criterion, but also ecological performances [10]. 

The compromise between thermal efficiency and economy makes 

CSP thermal storage using molten salts the most competitive option 

[11,12]. Also, molten salts TES improve the Levelized Cost of Energy 

(LCOE) [13]. 

Desirable properties of HTF and TES fluid are low melting tem- 

perature and / or high maximum operating temperature, high thermal 

conductivity and density appropriate, good thermal stability, low vapor 

pressures, corrosion resistance against the containment material and 

low cost [14]. 

Nowadays, several different types of HTFs are used in commercial 

CSP plants. They are steam, air, thermal oils and molten salts [14–17]. 

However, all of these materials have many disadvantages as HTFs. The 
purpose of getting higher operating temperatures for improving the 
Rankine cycle efficiency, results in developments for new materials 
beyond synthetic oils and other configuration of plants. It is here where 

the molten salts acquire relevance as heat transfer fluids. 

The HTF is expected to not only transfer heat as a media in the CSP 
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system, but also directly store heat in a TES tank without additional 

heat exchanger [18]. This are the so-called direct systems. 

The parabolic trough CSP plant can be classified in direct system or 

indirect system. 

Direct system works simultaneously with the same fluid as HTF and 

TES, these do not require a physical separation between the heat 

transfer fluid and storage. Instead, in indirect systems TES and HTF are 

different fluids, connecting by a heat exchanger. It means HTF oper- 

ating in the solar field transfers its energy through a heat exchanger to 

TES medium, molten salts. 

The most commonly used HTF technique in parabolic trough CSP 

plants is the indirect system. In this system, thermal oil such as 

Therminol® [19], is physically separated from the TES fluid by a heat 

exchanger. Historically, thermal oil has been used as HTF in parabolic 

trough due to their affordable price, low vapor pressure, good thermal 

stability, and long lifetime. But three main constraints associated with 

them: (a) environmental contamination in case of leaks, the ground 

affected by a leak has to be decontaminated; (b)fire hazards, the fire 

point is usually below the solar field working temperaturas (c) limited 

working temperature, thermal oils currently available at affordable 

prices have a  maximum working temperature of 393 °C, which limits 

the temperature of the superheated steam delivered to the parabolic 

collectors system to about 385–390 °C; this limitation jeopardizes the 

overall plant efficiency [17]. 

Then, thermal oils are not the perfect working fluid for parabolic 

trough collectors, because they have some important constraints [17]. 

Selecting the appropriate heat transfer fluid and storage medium is a 

key technological issue for the future success of CSP technology [20]. 

This paper is focused in molten salts and how they can replace the 

synthetic oil to improve the environmental behavior of the system. 

The organic oil may be replaced by an inorganic fluid such as 

molten salt. Inorganic fluids have upper temperature limits in the range 

of 465 °C to 600 °C, allowing an improvement in efficiency of the 

Rankine cycle to values of from 0.40 to 0.43 [21]. Furthermore, direct 

systems avoid the need for intermediate heat exchangers [22]. 

Nowadays, the technical progress consists of developing molten 

salts as replacement of conventional synthetic oils. 
Molten salts are the most promising HTF candidate in parabolic 

trough CSP systems [20,23–25] because of high thermal stability tem- 

peratures and properties [26–28] also for its wide availability, material 

compatibility and safety and environmental health properties [29]. If 

there is a leak, it remains as a thick solid film that can be easily re- 

covered and reused, thus avoiding the high decontamination costs as- 

sociated with oil leakages on ground and nitrates used in molten salts 

have been traditionally used by farmers as fertilizer [17]. 

Molten salt can reach temperatures of around 600 °C, depending on 

its composition. This is the main property in the feasibility of direct 

systems for removing synthetic oil. It is therefore essential to develop 

fluids that can withstand high temperatures without degrading. 

Some miXtures containing Li-and other additives have also been 

researched and patented for future development [30–32]. But, nitrates 

and nitrites are not only cheaper, but also much less corrosive than 
fluorides or chlorides. 

The disadvantages of molten salts are: they solidify at temperatures 

above synthetic oil. This requires installing heating systems to prevent 

solidification of salts in the various sections of pipe in the solar field, for 

times when the field is inactive or has a low ambient temperature but 

Therminol® has the maximum operating temperature fiXed at 393 °C 

[33]. This fact effectively sets a limit of efficiency of the Rankine cycle 

of about 0.375 [34]. While it is true that molten salts require appro- 

priate temperatures and this implies the cost of electric heating 

equipment monitoring in all molten salt pipes, the advantages outweigh 

the disadvantages. Molten salts (binary and Hitec®) are cheaper than 

synthetic oil and both of them improve the maximum operating tem- 

perature point. For instance, Hitec® can withstand temperatures up to 

593 °C without losing its properties. Molten salts have got high heat 

capacity, high density, high thermal and chemical stability, low vapor 

pressure, no harmful effects, satisfactory physical properties and a 

lower unit cost. These allow further improvement in thermal efficiency 

for solar thermal power plants, increasing the Rankine Cycle efficiency 

by increasing the operating temperature [35]. 

In theory, the use of molten salt in direct application of heat transfer 

fluids could be constrained due to their high freezing temperature 

points. But in practice, it exist miXtures such as the Hitec®, and others 

[36] (for instance 50–80 wt% KNO3, 0–25 wt% LiNO3 and 10–45 wt% 
Ca(NO3)2) in which its melting point is near 100 °C [35]. This is an 

improvement respect to the common miXture binary molten salt. 

The indirect system's viability has been widely proved. For instance, 

in Andasol CSP plants [36] and many others. SiXty-three parabolic 

trough CSP plants were fully operational during mid-2015 and siXty- 

one of these plants were using thermal oil as HTF [17]. 

On the other hand, direct system's viability has been proved in Italy in 
the Archimede project which consists in a 5 MW parabolic trough CSP plant 

[37–39] and in California in the tower CSP Solar Two project [36]. Also, 

simulation models of molten salt parabolic trough plant have been devel- 
oped [40,41]. F. Zaversky et al. [42] modeled parabolic trough solar col- 

lectors that use molten salt as heat transfer fluid, instead of the conventional 

thermal oil and they concluded that Rankine performance was improved 

using molten salt as HTF, instead of thermal oil. 

Furthermore, Abengoa Solar studies the feasibility cost and perfor- 

mance of a parabolic trough plant with 6 h molten salt storage [43]. 

Their results show how the molten salt work as HTF can reduce the 

storage cost up to 43.2%, the solar field cost up to 14.8% and the LCOE 

up to 14.5%. These results are always related to an indirect CSP plant 

with Therminol® HTF. Replacing the thermal oil with the molten salt as 

the operating fluid in the collector system, allows a higher temperature 

outlet of solar field, which means greater efficiency in the power block 

improving Rankine cycle and the energy storage cost. 

There are some studies in the field of Life Cycle Assessment (LCA) in 

solar thermal energy [44–46] Viebahn et al. [44] publish the LCA in- 

ventory of several Spanish CSP plants. Lechón et al. [45] carried out 
environmental impact assessments of the electricity produced in a two 
CSP plants: a 17 MW central tower and a 50 MW parabolic trough. 

Ehtiwesh et al. [46] asses the environmental impact and cost, in terms 

of exergy for the entire life cycle of a CSP plant. Recently a review has 

been published [47]. 
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The physico-chemical properties of HTF have also been studied 

[35], [48–54]. However, regarding LCA in HTF no data is found re- 

ported in the literature. 

For all of the above-mentioned reason, it is necessary to study in 

more detail the environmental aspects of HTF in the CSP plants. The 

first step towards discovering whether the HTF being molten salts have 

got a correct ecological performance or not, is to evaluate it with a 

complete LCA. 

The aim of this work was to determinate the environmental beha- 

vior of Binary Molten Salt, Hitec® Solar Salt and Therminol® oil. The 

LCA will compare three these different fluids. The results are useful to 

select the optimal HTF. 

 
2. Methodology 

 
LCA provides a structured analysis of inputs and outputs at each 

stage of the life cycle for products and services; it is a specific ela- 

boration of a generic environmental evaluation framework [55]. 

The environmental assessment was conducted following the ISO 

14040 [56] and 14044 [57] standards. According to the methodology 

described by international standards, the LCA is divided into the fol- 

lowing phases: (1) goal and scope definition, (2) inventory analysis, (3) 

environmental impact assessment, and (4) interpretation. 

 
2.1. Goal and scope definition 

 
The goal for this LCA was to compare the environmental impacts of 

three heat transfer fluid used in parabolic trough concentrating solar 

power technology to determine and quantify the main environmental 

contributors and which of them is worst in terms on sustainability. 

Determining these impacts may deliberate on the convenience for 

using molten salt as HTF instead of synthetic oil, always from an en- 

vironmental point of view. The study of the overall environmental 

impacts allows the two types of molten salt to be evaluated with respect 

to the synthetic oil. 

In addition, the hotspots of each fluid were identified highlighting 

components with larger impacts over the environment. 

The LCA will be used as a tool in order to identify solutions for 

making the most environmentally respectful choice. The functional unit 

selected was 1 kg of material. System boundary set a cradle-to-gate 

perspective which is appropriate in the material assessments [58]. 

 
2.2. Inventory analysis 

 
The data inventory stage involves the input quantification required 

to produce the functional unit. 

In the present study, the following assumptions were made. For 
modeling Therminol®, Binary Molten Salt and Hitec® salt, it has taken 

the delimitation of the system, i.e. the inventory system represents the 

processes actually affected as recommended by B. Weidema [60]. 

On the other hand, category indicators can take different ap- 

proaches, oriented to the problem, in that case they are denominated 

midpoint, and oriented to the damage caused in ecosystems, resources 

and humans, then it is called the endpoint. When the midpoint ap- 

proach, complexity is reduced and results are better communicated, 

these values are more accepted in the scientific community [61]. That is 

why the CML-IA (Impact Assessment) baseline with midpoint indicators 

has been selected. The version used was V3.01. Then CML-IA baseline 

V3.01 is the completed name of the method. 
Materials to be analyzed are: 

 

• The Binary Solar Salt, an alkali metal nitrate miXture which is 
composed of 40 wt% KNO3 60 wt% NaNO3 [60]. Table 1 [34,38,62] 

shows the properties of this miXture. It melts at 220 °C and is ther- 

mally stable until around 600 °C, offering high density, low vapor 

pressure, moderate heat capacity, low chemical reactivity and low 

cost [63]. Furthermore, Table 1 shows the properties of Therminol 

and Hitec® Solar Salt. 

• The ternary miXture Hitec® Solar Salt is composed of 40 wt% 
NaNO2, 7 wt% NaNO3 and 53 wt% KNO3, and it comes from the 
research carried out by Kalichevsky [64]. But it is G. Picard [65] 

who developed it completely for its application in energy storage, 

obtaining a melting point of 142 °C and a heat capacity value of 

1560 J / Kg K, offering high density and moderate heat capacity. 

Therminol® is the trade name of the thermal oil to be tested in this 

paper. It is an organic and synthetic oil. This fluid is a eutectic 

miXture of biphenyl and diphenyl oXide, both molecules derived 

from benzene. Its freezing point is lower than that of each of the 

separate components: it is 12 °C. 

 
The functional unit was 1 kg of HTF, then the inventory was the 

quantities of every component in each kg of functional unit. Table 2 shows 

the needed quantities for producing 1 kg of each material. It is based on 

the weight composition of Therminol, Binary and Hitec® Solar salts. 

 
2.3. Environmental impact assessment 

 
According to the ISO 14044 [57] there are four stages in the en- 

vironmental impact assessment: 

Classification: The stage where the substances which are going to 

cause damage in every potential impact are decided. 

Characterization: Previously classified substances are   assigned 

each impact factor and the results are getting in the units of each impact 

category. Characterization follows the expression done where impact 

factor changes in each substance. (Eq. (2.1)): 

place and is included in Ecoinvent 3 [59] data base, modifying and 

adapting them to the specific compositions of needed materials. The 

components came from Ecoinvent 3 data base processes therefore are 

IMPj = ∑ ki,j * LCIe,i 
i 

IMPj : j impact category ki, 

(2.1) 

associated with all upstream subprocesses production. Thus, this system 

boundary takes into account the energy and material inputs, and en- 

vironmental outputs from, all the cradle-to-gate processes associated 

with the manufacturing of these heat transfer fluids. 

In the present study the attributional approach has been applied by 

j: Coefficient of damage associated with the component i and 

impact j 

LCIe,i: Life Cycle Inventory entry. 

Normalization: Defined as calculating the magnitude of category 

indicator results relative to reference information. 
 

Table 1 

Properties of two different molten salts and Therminol®. 
 

Fluid Melting point [°C] Maximum operating temperature [°C] Cost [$/kg] Properties at 300 °C 
 

    
Density [kg/m3] Dinanic viscosity [mPa.s] Heat capacity [J/kg] 

 

Binary Solar Salt 220 600 0.49 1899 3.26 1495 
 

Hitec® Solar Salt 142 593 0.93 1640 3.16 1560  

Therminol® 13 393 3.96 784 0.41 2360  

• 



 

Table 2 
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LCA Inventory. Amount of inputs materials for 1 kg output of functional unit. 
 

 
Sodium nitrate [kg] Potassium nitrate [kg] Sodium nitrite [kg] Diphenyloxide [kg] Biphenyl [kg] 

Binary molten salt 0.6 0.4 
   

Hitec® molten salt 

Therminol® 

0.07 0.530 0.4  
0.735 

 
0.265 

 

For each baseline indicator, normalization scores are calculated for 
reference situations. Normalization factors are available for the 

Netherlands (1997–1998), Western Europe (1995) and the world 

(1990, 1995 and 2000) [66], the European Union (the 25 countries 
comprising it in 2006, EU25) and the European Union complemented 

with Iceland, Norway and Switzerland in 2000, EU25 + 3, 2000). 

In this paper normalization factors (1/N) are showed in Table 3 and 

the EU25 factors were chosen. Eq. (2.2) shows how these factors work. 

Normalized results are dimensionless. 

Normaliced impact category = Charactericed impact cathegory * ( 1 ) 
N 

(2.2) 

Weighting: Defined as converting and possibly aggregating in- 

dicator results across impact categories using numerical factors based 

on value-choices [57]. 

The ISO standards dictate classification and characterization as man- 

datory and normalization and weighting ad optional. Therefore, the en- 

vironmental impact assessment consists of the accomplishment of a clas- 

sification and a characterization of the impacts; Normalization is regarded 

as optional for simplified LCA, but is recommended for detailed LCA [67]. 

But, the scientific community [68–70] discourages weighting. In fact, ISO 

14044 [57] considers weighting not scientifically based. 

In order to do the LCA, a method is chosen; in this case it was CML 

baseline. In addition, to perform the calculations, Simapro software was 

the tool used. 

LCA calculations were accomplished by using software SimaPro 

version 8.0.2. The CML baseline methodology [71] was used with 

normalization but without weighting, and included abiotic depletion 

(kg Sbeq), abiotic depletion of fossil fuels (MJ), global warming po- 

tential (kg CO2eq), ozone layer depletion (kg CFC-11eq), human toXicity 

(kg 1,4-DBeq), terrestrial ecotoXicity (kg 1,4-DBeq), photochemical oXi- 

dation (kg C2H4 eq), acidification (kg SO2eq) and eutrophication (kg 

PO4eq) impact categories. 

CML-IA is a database that contains characterization factors for life 

cycle impact assessment (LCIA). It contains the characterization factors 

for all baseline characterization methods mentioned in the Handbook 

on LCA [71]. The last update for this method was done in August 2016. 

 
3. Results and discussion 

 
As its name suggests, the binary solar salt is composed of two 

components, potassium nitrate, 40 wt%, and sodium nitrate, 60 wt%. 

To analyze the relative contributions of its two components their en- 

vironmental impacts were characterized. 

The characterization (Table 4) and normalization (Table 5, Fig. 1) 

for binary solar salt shows that having a composition of 40 wt% po- 

tassium nitrate, does not imply a contribution to the impacts with the 

same proportion. In fact, the impact amount corresponding in the po- 

tassium nitrate case stays below the 30% line. The greatest contribu- 

tions to the impact categories are due to sodium nitrate. It is clearly 

evident in terrestrial ecotoXicity, photochemical oXidation and  human 

depletion (fossil fuels) category followed, then global warming potential. It 

is followed by acidification and eutrophication. Sodium nitrate always 

contributes with superiority. The most environmentally friendly categories 

are ozone depletion and terrestrial ecotoXicity. 

In summary, the binary solar salt has the wider environmental 

problems in abiotic depletion (fossil fuels) and climate change, its main 

agent being sodium nitrate. 

It shows how 76.5% of the impact is caused by sodium nitrate and 

23.5% potassium nitrate. That is, in 28.27 MJ of abiotic depletion 

(fossil fuels), 21.63 MJ are direct cause of sodium nitrate and 6.64 MJ 

by potassium nitrate. 

The second impact category in binary solar salt is global warming. 

73.4% of global warming in binary solar salt is caused by sodium ni- 

trate and 26.6% because of potassium nitrate. 

Solar salt Hitec® characterization and normalization provides re- 
sults to be analyzed. They are shown in Tables 4, 5 and in Fig. 2. The 

characterization is observed for all impacts that sodium nitrate is the 

lowest contributor, closely related to the low weight percentage of it in 

the salt composition, which is 7%. In this case, the abiotic depletion 

(fossil fuels) is the most dramatic impact category followed by climate 

change. Ozone layer depletion is the category with a better behavior in 

terms on sustainability followed by terrestrial ecotoXicity. 

In the binary solar salt, the sodium nitrate compound suggests greater 

impacts compared to potassium nitrate. In Hitec® solar salt case the po- 

tassium nitrate and sodium nitrite are those which have a higher con- 
tribution, meaning that a decrease in the concentration of sodium nitrate, 

reduces its contribution to impact. In the Hitec® solar salt the sodium ni- 

trate is reduced to 7%, achieving with this a global reduction in all cate- 

gories. Not being disturbed due to the increase of 40–53% of potassium 

nitrate in the composition and the addition of 40% sodium nitrite. 

Global Warming is the second impact category in LCA for Hitec® salt in 

which it is possible to determinate that sodium nitrate contributes to 

48.5% of global warming potential produced by 1 kg of Hitec® salt. Then, 

11.8% is caused by sodium nitrate and 39.7% by the sodium nitrite. 

Hitec® case is a good example of ecoefficiency in comparison to the 

binary solar salt. By diminishing as much as possible of the most 

harmful component (NaNO3 goes from 60 wt% in the binary solar salt 

to 7 wt% in the Hitec®), maximizing the most environmentally friendly 

component (KNO3 goes from 40 wt% in the binary solar salt to 53 wt% 

in the Hitec®) and adding a new component to improve the physic- 

chemical properties, 40 wt% NaNO2, it is possible to get better en- 

vironmental behavior. Therefore, these results show a comprehensive 

discussion of lightweighting benefits. 

Tables 4, 5 and Fig. 3 show the characterization and normalization 

 
Table 3 

EU25 normalization factors (1/N). 
 

 

Impact category Normalization factor 
 

 

Abiotic depletion 1.18 E-8 

Abiotic depletion of fossil fuels 3.18E-14 

Global warming potential (GWP100) 1.99E-13 

Ozone layer depletion 1.12E-8 

toXicity categories, in which around 80% of the impact that occurs is 

due to sodium nitrate. 
The binary salt normalization is represented in Fig. 2. Normalization 

Human toXicity 

Terrestrial ecotoXicity 

Photochemical oXidation 

1.29E-13 

2.06E-11 

1.18E-10 

shows the impact categories involves further environmental degradation. 
Acidification 3.55E-11 
Eutrophication 7.58E-11 

The most environmentally damaging situation occurs in the abiotic    
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Table 4 

Results. Characterization of 1 kg of each material. 
 

Impact category Unit Binary molten salt Hitec ® molten salt Therminol® 

Abiotic depletion kg Sbeq 1.83E-05 1.49E-05 6.02E-05 

Abiotic depletion of fossil fuels MJ 28.272006 28.18709 171.66413 

Global warming potential (GWP100) kg CO2eq 4.0068605 2.9141476 10.349689 

Ozone layer depletion kg CFC-11eq 1.04E-07 2.75E-07 1.78E-06 

Human toXicity kg 1,4-DBeq 0.94681959 0.77783552 56.010517 

Terrestrial ecotoXicity kg 1,4-DBeq 0.00117808 0.00136373 0.00814478 

Photochemical oXidation kg C2H4eq 0.00052763 0.00052233 0.0069965 

Acidification kg SO2eq 0.01672546 0.01519623 0.17089745 

Eutrophication kg PO4eq 0.0085963 0.00501582 0.03662807 

 
Table 5 

Results. Normalization of 1 kg of each material. 
results for Therminol® LCA. 

In Therminol® 1 kg LCA, the human toXicity impact category has 

been the main impact with negative consequences on the environment 

getting 56.01 kg 1.4-DBeq, in which 99.9% are direct cause of Diphenyl 

oXide. Thus, the contribution of Biphenyl to the most controversial 

impact of the LCA is less than 0.056 kg 1.4-DBeq. Acidification impact 

category is the second category, and its characterization shows a flow to 

98.2% of  the  impact  coming  from DiphenyloXide. Then,  in  the 

0.17089745 SO2 kgeq associated with 1 kg of Therminol®, only 3.07 E- 

03 are due to Biphenyl. 

Figs. 4 and 5 show the characterization and normalization respec- 

tively, for comparative LCA study for three materials. In the char- 

acterization (Fig. 4), it is possible to see how the Therminol® gets the 

 
 

Fig.     1.  Analyzing    1 kg    Binary     salt;     Method:     CML-IA    baseline     V3.01/EU25/ 

Normalization. 

 

Fig. 2. Analyzing 1 kg Hitec® salt; Method: CML-IA baseline V3.01/EU25/ Normalization. 

Fig.      3.  Analyzing     1 kg     'Therminol®’;     Method:      CML-IA     baseline     V3.01/EU25/ 

Normalization. 

 
 

Fig. 4. Comparing 1 kg 'Binary salt', 1 kg Hitec® salt' and 1 kg 'Therminol®’; Method: 

CML-IA baseline V3.01/EU25/Characterization. 
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Fig. 5. Comparing 1 kg binary salt, 1 kg Hitec® salt and 1 kg Therminol®; Method:  CML- 

IA baseline V3.01/EU25/Normalization. 

 
highest values in every impact category. The amounts of 8 of 9 impacts 

analyzed are three times higher in Therminol® oil compared to the salts. 

The normalization of the impacts shows that in molten salts every im- 

pact category is lower than in Therminol® which means that molten salt 

is more environmentally friendly compared to Therminol®. It is possible 

to appreciate that Hitec® salt is the most environmentally friendly. In 

ozone layer depletion characterization, it is seen that the contribution 

of binary salt is lower than Hitec®. This is the only category in which 

binary salt results are worse than Hitec® but then in normalization 

(Fig. 5) it is possible to see how this category is the less impacting. 

 
4. Conclusions 

 
The goal of this study was to evaluate the environmental impacts of 

two molten salts and a synthetic oil using LCA techniques. This article 

intends to contribute to understanding of the importance of making a 

materials choice not only based on physic-chemical properties but also 

on its sustainability criteria. 

The results presented here highlighted the greatest impacts for the 

synthetic oil in comparison to Hitec® and Binary molten salts. 

Furthermore, Hitec® presents significant improvements over the binary 

solar salt. 

One of the applications of LCA is eco-efficiency pursuit. Hitec® solar 

salt is an example of eco-efficiency. By reducing the content in the most 

harmful component it is possible to get global improvements in the HTF 

molten salt. 

In the case of Therminol®, a significant of the percentage relatively 

important composition (26.5 wt% Biphenyl) contribution, does not 

have a great contribution to the impacts, most of them coming from 

DiphenyloXide. Then, the biphenyl environmental properties cause less 

damage than the DiphenyloXide. 

A comparison of environmental impacts was made with CML 

methodology. Every Therminol® impact category shows the highest 

environmental impacts of all HTF studied. 

Therefore, analyzing unit processes is it possible to determinate that 

HTF used in indirect systems are less sustainable than direct systems. It 

is possible to conclude that the synthetic oil is harmful in all categories, 

and then the option of direct system will be more favorable to en- 

vironment protection. 

The most environmentally friendly fluid assessed was Hitec® salt. 

The choice based on environmental criteria is a direct system with 

Hitec® molten salt as HTF and TES fluid at the same time. 

Technically [37–41] it was demonstrated the possibility of using 
molten salt as HTF and thus eliminating the heat exchanger thereby 

reducing losses associated with it, but it was important know if this was 

environmentally friendly or not. A complete LCA was necessary to de- 

terminate it. Consequently, this work is a new step forward by in- 

troducing the sustainability parameter as important as the physic- 

chemicals in the materials election in parabolic trough CSP plants. 
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