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Abstract 

Life Cycle Assessment (LCA) plays a crucial role in sustainability 
evaluations and impact assessments, especially in the field of environ-
mentally and eco-friendly materials or system production and building 
design for the construction sector. However, stakeholders and profes-
sionals tend to use LCA mainly to develop an Environmental Product 
Declaration (EPD) or assess building sustainability certification. This 
research investigates the possibility of using the LCA results to assess 
the potential for further mitigation of the environmental impacts on the 
construction industry. Starting from a previous study on the steel con-
struction value chain performed by authors to develop two steel product 
datasets for the Italian LCA database, this work aims to identify how 
sensitivity analysis can guide industries in choosing sustainability strat-
egies to mitigate their impacts further. The study focuses the sensitivity 
analyses only on one specific sustainability strategy for each of the two 
previously analyzed steel products (A. beams and angles and B. hollow 
sections), thus potentially limiting the generalizability of findings to a 
broader range of sustainability strategies but demonstrating the feasi-
bility of the proposed method and its replicability to other products and 
production scenarios.
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1. INTRODUCTION

The construction sector is a major contributor to global 
greenhouse gas (GHG) emissions and energy consump-
tion, responsible for nearly 40% of global energy use and 
approximately 38% of all energy-related carbon dioxide 
emissions. In particular, the Breakthrough Agenda Re-
port of the International Energy Agency (IEA) [1] report-
ed that the buildings sector emissions in 2022 represented 
around a third of total energy system emissions, includ-
ing buildings operations (26%) and embodied emissions 

(7%) associated with the production of materials used 
for their construction. To get on track with the Net Zero 
Emissions Target set by the European Green Deal [2], 
the operational emissions need to fall by about 50% from 
their 2022 level by 2030, and embodied emissions need 
to fall by 25%.

Across the world in 2020, around 1900 million tons 
of crude steel were produced, with just over 50% of that 
used for buildings and infrastructure [3]. The steel used 
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how to integrate or use those data into the operational 
strategies to improve the overall sustainability perfor-
mance and boost the decarbonization path. The sector’s 
dependence on long-lasting, high-emission materials and 
technologies limits the transition to lower-emission al-
ternatives since those materials can be used for decades, 
thereby “locking in” higher emissions levels [16].

Furthermore, while various international and national 
initiatives encourage the reduction of GHG emissions in 
the construction sector, the practical application of these 
guidelines remains challenging. Companies often strug-
gle to interpret LCA results. For the steel industry, un-
derstanding the impacts’ variation of the various scenar-
ios, starting from the LCA results, is crucial for making 
informed choices regarding materials and processes that 
could cause minor impacts. The LCA use can identify 
critical areas where changes in material use or produc-
tion methods could substantially reduce carbon emis-
sions, such as the shift from blast furnaces to electric arc 
furnaces [17].

Despite the growing availability of LCA tools and en-
vironmental data, there is still a gap between the full po-
tential of LCA to improve sustainability and its practical 
implementation within the steel construction sector [18]. 
This paper seeks to address this gap by examining how 
LCA results can further support the evaluation of specific 
sustainability strategies along the entire steel value chain 
and consequently assess their implementation feasibility 
to boost further reductions in GHG emissions. On this 
basis, the research question that guided the overall study 
has been defined.

RQ: How can the steel construction industry lever-
age its product LCA data results to identify, study, and 
choose the most suitable sustainable strategies to reduce 
its carbon footprint?

To reach this goal and to reply to the RQ, the study 
has been grounded on the definition and conduction of 
sensitivity analysis of LCA results to explore potential 
sustainability strategies that steel construction stakehold-
ers can adopt to support the industry’s transition towards 
a more sustainable practice.

Specifically, the study begins as a follow-up research 
activity of the Arcadia project, which ends with the LCA 
report of two selected steel products for buildings, cho-

in buildings accounts for around 8% of the world’s car-
bon emissions, and on average, every ton of steel pro-
duced leads to the emission of 1.85 tons of CO2 into the 
atmosphere [4]. This makes the steel industry the single 
most significant contributor to industrial emissions, and 
at the same time, it has the vital challenge of reducing its 
CO2 emissions, an action that involves important techno-
logical changes [5].

Various latest studies [9–11] deal with the sustain-
ability assessment of the steel industry to highlight the 
potential route to decarbonizing steel production and to 
individuate the factors that contribute towards carbon 
emission through the whole life cycle of steel products 
used for buildings. Moreover, the literature underlined 
the increased global awareness of environmental issues 
and the consequent increase of pressure on the construc-
tion industry to mitigate its environmental impact through 
assessment methodologies that cover the whole building 
life. In this context, Life Cycle Assessment (LCA) has 
emerged as a vital tool in this effort, offering a compre-
hensive approach to evaluating the environmental im-
pacts associated with all stages of a building’s life cycle 
– from raw material extraction, manufacturing, and con-
struction, to use, maintenance, and disposal. LCA allows 
for a detailed assessment of energy use, emissions, and 
other environmental effects, providing crucial insights 
that can help reduce the carbon footprint of construction 
activities and support more sustainable practices [11, 12].

The use of LCA in the construction sector has been 
supported by the development of dedicated databases 
that provide specific environmental data for various con-
struction materials and practices. For instance, in Italy, 
the Banca Dati Italiana LCA (BDI-LCA) [13], a database 
developed by the Arcadia project, offers comprehensive 
data on local construction practices, including those 
based on steel, which can be used to perform more accu-
rate LCAs [14, 15]. These databases represent a source 
of reliable reference data to be used by professionals or 
stakeholders to identify strategies to reduce environmen-
tal impacts both at the material choice phase of building 
design and at the material production phase by industries.

However, many companies in the steel construction 
sector face significant challenges in applying LCA data 
effectively. There is often a lack of understanding about 
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show increases in both SC1 and SC2, with a maximum 
increase of 107.0% for IC7 in SC1 compared to SC0. 
This trend indicates potential trade-offs, where the shift 
from fossil to renewable electricity sources increases hu-
man toxicity, likely due to the materials and processes 
involved in the production of renewable energy tech-
nologies. In this case, a dedicated investigation should 
be conducted to identify which strategy, in combination 
with the analyzed one, could balance the impact varia-
tion.

In conclusion, the results of SS1 reveal a general en-
vironmental benefit in shifting towards renewable energy 
sources. However, the increase in a few impact catego-
ries highlights the need for a balanced approach that con-
siders all environmental dimensions to avoid unexpected 
consequences. Moreover, it is essential to remark that the 
presented results refer to the use of a specific energy mix 
in a reference year. The results and the environmental 
benefits of this SS1 could vary in dedicated scenarios 
considering different geographical contexts and the tem-
poral evolution of the national energy mix.

gories are most affected by integrating renewable energy 
sources to cover electricity needs.

Data show a substantial reduction in several key im-
pact categories in line with the proportion of integration 
of renewable energy sources. For example, in scenario 
SC1, there is a notable decrease in ozone depletion (IC2) 
by 17.8% and in ionizing radiation (IC3) by 18.3%. The 
reductions are even higher in SC2, with a decrease of 
34.0% and 37.1%, respectively. These results suggest 
that transitioning to renewable energy sources can sig-
nificantly mitigate stratospheric ozone degradation and 
reduce radioactive releases that account for adverse 
health effects.

Furthermore, the impact category related to water use 
(IC14) presents the highest percentage of impact reduc-
tion in both scenarios, reaching almost a 50% decrease 
in SC2 compared to SC0. This reduction highlights the 
potential of renewable electricity sources to contribute to 
global sustainability goals of lower water consumption 
and promote a circular economy. On the contrary, a few 
impact categories, such as human toxicity (IC6 and IC7), 

Fig. 2. Percentage impact variations between baseline scenario (SC0) and the analyzed scenarios (SC1, SC2) for product A (beams and angles) on 
the Sustainability Strategy 1.
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acidification potential IC4 reduces by 25.8%, indicating 
that electric furnaces, which are generally more ener-
gy-efficient and produce fewer emissions, can help re-
duce the environmental footprint of steel production. 

However, two impact categories, ionizing radiation 
(IC3) and human toxicity cancer (IC7), show increases 
in both SC1 and SC2, reaching 15.0% and 20.1%, re-
spectively. These increases could be attributed to higher 
electricity consumption and related emissions when the 
electric furnace is used more intensively. This observa-
tion suggests that while electric furnaces are beneficial 
for reducing specific emissions, their overall environ-
mental performance may be influenced by the source of 
electricity and the efficiency of the technology.

In summary, the results for SS2 demonstrate that in-
creasing the proportion of electric furnace use can lead 
to significant environmental improvements, particularly 
in reducing greenhouse gas emissions and resource use. 
However, the observed increases in certain impact cate-
gories highlight the need for a more in-depth analysis of 
all potential effects when designing sustainability strat-
egies. The balance between maximizing environmental 
benefits and minimizing trade-offs is crucial for achiev-
ing long-term sustainability goals in the steel industry.

4.2. IMPLEMENTATION OF MORE EFFICIENT 
STEEL PRODUCTION METHODS

The sensitivity analysis for SS2 focuses on implement-
ing a more efficient steel production method for steel 
building product B. Similarly to the analysis conducted 
for SS1, Figure 3 shows the results across the 16 ICs, 
using the same color legend to illustrate the percentage 
variations (Δ%) between scenarios.

The results demonstrate how a higher percentage of 
electric furnace steel could provide environmental benefits 
across most impact categories. The mineral and metals re-
source use category (IC16) shows the highest Δ% reduc-
tion in both scenarios, reaching 46.3% less resource use in 
SC2 compared to SC0. This outcome supports the adop-
tion of electric furnaces, as they reflect less material input 
and waste generation compared to traditional blast furnace 
methods. Furthermore, in SC2, three other ICs, photochem-
ical ozone formation (IC4), freshwater ecotoxicity (IC12), 
and land use (IC13), present Δ% reduction higher than 30%. 

In SC1, there are moderate reductions in climate 
change (IC1) by 8.2% and acidification potential (IC8) 
by 7.2%. The most significant improvements are ob-
served in SC2, in which IC1 decreases by 29.3%, and 

Fig. 3. Percentage impact variations between baseline scenario (SC0) and the analyzed scenarios (SC1, SC2) for product B (square and rectangu-
lar hollow sections) the Sustainability Strategy 2.
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ergy efficiency and reduce emissions from associated 
processes. This could include adopting best practices for 
scrap selection and handling to minimize impurities and 
enhance furnace efficiency and investing in advanced 
filtration and waste management systems to mitigate in-
creases in impact categories such as ionizing radiation. 
Additionally, policies that incentivize the use of recycled 
materials and the development of cleaner steel produc-
tion technologies will be crucial in driving the adoption 
of these practices. Majumder et al. [28] highlight the role 
of policy frameworks in supporting technological inno-
vation and promoting sustainable practices in the steel 
industry.

To facilitate the adoption of these strategies, it is rec-
ommended that the steel construction sector develop a 
comprehensive, regularly updated database of LCA data 
for different production methods and sustainability strat-
egies. Such a database would allow stakeholders to make 
informed decisions based on current and accurate infor-
mation. 

However, even if the methodology for LCA sensitiv-
ity analyses conducted in this study can offer valuable 
insights into the field of eco-design and prospective life 
cycle results valid for the decision-making process of 
corporate sustainability reporting for steel industries, it 
is important to acknowledge certain limitations of the 
study. 

Firstly, the geographical coverage and the reliance 
on specific data sources introduce a level of uncertainty 
to the results. Not all the data used for the analysis rely 
on specific and verified data sources, such as BDI-LCA, 
but some are statistical data that may have limitations 
in terms of accuracy or comprehensiveness, potentially 
impacting the overall reliability of the findings. More-
over, these assumptions imply that results are related to a 
specific location in a reference year. At the same time, it 
could be interesting to investigate their variation consid-
ering different geographical contexts and the temporal 
evolution of other data (such as the national energy mix).

Secondly, the coverage of products and sustainable 
strategies is another limitation to consider. This study fo-
cused its analysis on two specific products and one par-
ticular sustainability strategy for each of them, potential-
ly limiting the generalizability of findings to a broader 

5. CONCLUSIONS

This research has undertaken a sensitivity analysis of 
LCA data results of two selected steel products to sup-
port the steel companies in evaluating their environmen-
tal sustainability, proposing sustainable strategies for 
improvement, and verifying their applicability to further 
reduce their carbon footprint. Various scenarios were ex-
amined to reduce environmental impacts by analyzing 
two specific sustainable strategies for two steel construc-
tion industries, compared with the baseline model corre-
sponding to the current situation. 

The significance of this research lies in its ability to 
contribute valuable insights and guidance for industry 
stakeholders and policymakers. By quantifying the vari-
ation in the environmental impacts compared to the base-
line scenario and recommending sustainable options, 
this study can support decision-makers with the neces-
sary tools to implement sustainable practices in the steel 
construction sector. However, it is important to underline 
that the results presented in Section 4 are limited to the 
specific product and the analyzed industry; therefore, to 
generalize the effects and to implement the studied sus-
tainability strategies effectively, the stakeholders should 
adopt a multi-faceted approach that takes into consid-
eration their own production line, products portfolio, 
geographical context, technological innovations, policy 
support, and market needs.

In the following, some specific suggestions for imple-
menting each sustainable strategy are given. 

For SS1, the integration of renewable energy sources 
should be pursued alongside investments in cleaner, less 
resource-intensive technologies for renewable energy 
production. Industry stakeholders could explore part-
nerships with renewable energy providers to ensure the 
shift to renewables does not increase other environmen-
tal impacts. Moreover, adopting advanced energy man-
agement systems could optimize energy use and mini-
mize emissions. Velimirović et al. [27] suggest that using 
smart grids and energy-efficient technologies can further 
enhance the benefits of renewable energy integration in 
industrial processes.

For SS2, maximizing the use of electric furnaces 
should be complemented by measures to improve en-
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