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Abstract 

The growing responsibility of both energy-efficient and environmentally user-friendly civil 

infrastructure has added a boost to the creation and embracement of smart materials and smart 

structural systems. The paper analyzes how smart materials- self-healing concrete, shape 

memory alloys (SMAs), piezoelectric composites, and environmentally friendly fiber-

reinforced polymers- can be used to develop sustainable civil infrastructure. It offers a 

description of the latest advances, a critical analysis of the fundamental processes that allow 

developing self-sensing and self-adaptation as well as self-optimization of performance, a 

systematic approach to the research of the environmental, structural, and economic 

consequences of introducing smart materials into contemporary construction. Findings indicate 

that the materials have a major impact of low cost of maintenance, durability of structures, and 

lessening of environmental burden in terms of resources efficiency and lessening of carbon 

footprints. Nevertheless, even with all these strengths, there are some practical constraints of 

smart materials such as high cost of entry, small scale analysis using field magnetism, 

difficulties in recycling of sophisticated composites and standardization to design codes. The 

future study should be based on massive pilot-programs, life-cycle optimization techniques, 

and creation of the circular-economy-driven intelligent material system. The present paper 

offers a unified insight to inform engineers, researchers, and policymakers on how to apply 

intelligent materials and structures into the next generation of sustainable infrastructure. 

Keywords— Smart materials, sustainable engineering, self-healing concrete, shape memory 

alloys, eco-friendly composites, intelligent structures, infrastructure innovation. 

I. INTRODUCTION

Sustainability has become a primary concern in contemporary civil engineering due to 
the high rate of development of global infrastructure, which requires it and exacerbates 
environmental pollution and depletion of natural resources, structural vulnerability to hazards 
caused by climate change. Ordinary concrete, steel and conventional composites are traditional 
construction materials used extensively, but they do not achieve the adaptability, resilience, 
and environmental friendliness anticipated of the infrastructure systems of the future. The 
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growing maintenance requirements, material decay, and environmental impact of traditional 
substances demand a technological change in the manner the infrastructure is imagined, 
implemented, and sustained. Smart materials, material that can sense, heal or adapt or even 
respond to stimuli in the environment independently, are also coming forth as a fundamental 
solution to such challenges. Their incorporation of civil infrastructure opens the external 
possibilities of more sustainable, longer lasting and intelligent built environments [1]. 

Intelligent material, like self-healing concretes, shape memory alloys (SMAs), 
piezoelectric composites, and environmentally friendly fiber-reinforced polymers (FRPs) have 
qualitatively changed conventional conceptualizations of structural behavior. Rather than 
passively being load-bearing components, these materials are smart constitutions, i.e., crack 
sealing, vibration control, stress detecting, shape recovery, and energy harvesting [6]. These 
operational competencies directly tie into the idea of sustainability by lowering the rate of 
maintenance, increasing the lifecycle of buildings and structures, and lowering the need to have 
external monitoring systems installed. As an illustration, self-healing concrete lowers the level 
of constant repair processes which normally lead to waste products and absorption of energy. 
Similar to that, SMA-based elements can increase the seismic sensitivity of buildings which 
reduce the impact of earthquakes, minimizing harm to construction and promoting their 
sustainability over time. 

The reason why smart materials and structures have been studied to achieve sustainable 
civil infrastructure has to do with various challenges around the world. To begin with, the 
construction industry is an enormous source of greenhouse gas emissions since the construction 
process involves cement production and a lot of extraction of non-renewable materials. Second, 
extreme weather patterns have become severe due to climate change, and this requires 
infrastructure which can dynamically adapt to changes in weather patterns [5]. Third, there are 
quicker pressures on safer, more lasting, environmentally accountable and economical 
frameworks regarded when the urban populace tightens in population. Smart materials provide 
the solution to residual challenges associated with this by integrating engineering inventions 
and environmental poise. They provide a channel of minimizing carbon footprints, creating 
greater resilience, and constructing infrastructures to handle intelligent self-management. 

The other driving factor is the urgent desire to minimize lifecycle expenses. Physical 
infrastructure is usually subjected to regular check-ups, surveillance and upkeep processes that 
are not only expensive, but also inconveniencing. Embedded self-sensing smart materials make 
it possible to conduct real-time structural health monitoring (SHM) and prevent damage or 
deteriorations before they happen. This enhances predictive as opposed to reactive maintenance 
leading to lessened repair expenses and eliminates disastrous breakdowns. In addition, smart 
materials prolong the life of infrastructure, which is necessary in areas that have problems with 
old bridges, roads, and communal facilities. All these advantages make good reasons to use 
smart solutions in the traditional construction process [8 &17]. 

Although promising in nature, smart materials have not been well adopted in civil 
engineering. The slow adoption of technology in industries has been caused by high initial 
costs, absence of standardized design codes, shortage of validation of technology on a large 
scale, and doubts about their long-term behavior. The existence of these gaps presents the 
necessity of detailed research that will not only assess the increase in performance but also 
consider the sustainability of this approach, its economic and operative viability, and overall 
viability of integrating smart materials into contemporary building. This is the main purpose 
of the given work [4 & 18]. 

The overall aim of the paper is to observe how intelligent structural design and smart 
materials can be used to make use of the civil infrastructure sustainable. In particular, this paper 
is intended to: 
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• Give a general summarization of key smart materials that can be used in the field of civil
engineering which encompasses the following: self-healing concrete, SMAs, piezoelectric
composites and green FRPs.

• Examine the sustainability potential of these materials through environmental impact,
performance efficiency and lifecycle behavior.

• Provide practical examples and instances in the real world where smart systems in civil
infrastructure are practical and beneficial.

• Elaborate on issues and obstacles that prevent on a large-scale implementation.

• Suggest research and development directions in the future that act upon scalability, circular
material design, cost reduction, and the combination with digital technologies including AI-
driven SHM [2].

The present research can add to the debate on sustainable construction in the world 
because it has introduced the concept of smart materials as innovative technologies that can 
help solve the engineering and environmental challenges of the 21st century, which are 
complex to tackle. With modern society already heading towards the carbon-neutral agenda 
and the high-density infrastructure demands, the role of smart materials will become central [7 
& 19]. They are not just academic concepts but are becoming industry-ready and solutions. 
Smart materials can transform the future of civil engineering by integrating environmental 
sustainability, structural performance, intelligent adaptation and so on. 

Overall, the introduction preconditions the presentation of the necessary requirements 
of smart materials, factors that drive the sector to these innovations, and the purpose of the 
current research in filling the research gaps. This work appreciates the fact that the construction 
process in the globe should not be based on the conventional ways of construction and 
materials. The new solutions are the solutions that are innovative, multifunctional, intelligent, 
and conscious of the environment, and intelligent materials are the leaders of the new age [9]. 

Novelty and Contribution: 

The originality of this work is in the fact that it is going to be a comprehensive and 
integrative evaluation of smart material in terms of sustainability-based civil infrastructure. 
Though earlier studies were developed on a case-by-case basis or on a single material, the 
present research is a compilation of varied classes of smart materials, and the study is done in 
a single sustainability theory. The innovation was due to the synthesis of performance, 
environment, economic viability, structural durability, and practicality of implementing the 
work on an engineering scale that are interdisciplinary. This holiness approach can be more 
insightful as to how intelligent materials can truly revolutionize the future of the building 
industry, not through laboratory tests or conceptual arguments. 

Other recent additions include the focus on smart material compositions that are 
environmentally friendly specifically natural-fiber-reinforced polymers, bio-based curing 
agents and hybrid smart materials that combine various functionalities like sensing and healing. 
This widens the perspective of the ways smart materials can migrate to the principles of a 
greener and more circular economy than expecting the use of synthetic or energy-consuming 
materials only. The research also provides a analytical approach of lifecycle sustainability, 
which does not only consider the short-term structural gains of implementing the lifecycle 
sustainability, but also the long-term returns to the environment, through reduced carbon 
emissions, less material waste and less maintenance rate. 

The contribution to this work is also the fact that there are practical limitations that can 
negatively impact the possible application, and they are clearly identified and analyzed. 
Numerous available research show only the advantages, but do not discuss the actual issues 
which engineers might encounter in the sphere. This research offers real-life insights that can 
be used by researchers and practitioners by solving challenges that include high initial costs, 
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absence of standard literature, recyclability and performance under extreme conditions, among 
others. These measurements contribute to a wise decision-making process and prepare ground 
on the establishment of industry-specific approaches to smart material adoption. 

The main contributions of the research may be outlined as follows: 

• An integrated sustainability-based system of assessing smart materials in civil engineering
environments.

• A multi-dimensional comparative study of performance, environmental impact, lifecycle cost,
structural resiliency, and eco-efficiency.

• The recognition of new eco-friendly smart material, such as natural-fiber composite, bio-
inspired materials, with their potential to be used as a green infrastructure.

• Extensive discussion of practical applications in the real world, such as how smart materials
have already been used to make bridges, pavements, seismic structures, and smart parts of a
city better.

• An analysis of the implementation difficulties, with the need to point out practical and
industrial issues that should be overcome to implement it on a large scale.

The contributions contain practical information and planning suggestions that have the 
potential to do better studies in academia, engineering applications, and policies to move 
towards smarter, green and more resilient built environments. 

II. LITERATURE STUDY

The current body of literature pertaining to smart materials, as well as sustainable civil 
systems, has grown tremendously in new civil infrastructure in the last ten years due to the 
demand of smart, resilient, and sustainable civil systems. Self-healing concrete research 
emphasizes that it is capable of independently healing micro and macro cracks by different 
processes like micro encapsulation of healing factors, mineral precipitation and bio induced 
calcification. The results of these works continuously show that it has enhanced structural 
longevity, minimized maintenance and extended duration of structure. Studies also highlight 
the fact that self-healing systems are employed in order to reduce the ecological footprint since 
repairs are reduced and less construction materials are consumed. 

In 2025, K. K. Mohammed et al., [10] introduced the research on the shape memory 
alloys (SMAs), reveals the promise of shape memory alloys in seismic resilience owing to 
super elastic properties and ability to recover their shape. SMAs have been tested in beam-
column joints, bridge components and energy-dissipation devices and exhibit high amounts of 
residual deformation reduction, post-earthquakes. Based on these findings, it can be indicated 
that SMA integration improves the structural integrity of the buildings and bridges especially 
in the areas prone to earthquakes, hence establishing long-term sustainability and safety. 

In 2025 R. Rusnak et.al., [3] proposed the embedded sensing and structural health 
monitoring (SHM) represents an area where the field of piezoelectric smart materials has been 
given significant consideration among other spheres. A few studies investigate the piezoelectric 
composite to beam, columns and pavement systems integration where stress, strain, vibration 
and development of cracks can be monitored in real-time. The materials will remove the 
dependency on external sensors and wires and hence lower the use of materials; it will also 
facilitate effective maintenance plans. Research also adds the importance of such materials in 
energy harvesting applications whereby ambient vibrations may be utilized and transformed 
into electrical energy that would add up to self-powered monitoring systems. 

Simultaneously, the field of fiber-reinforced polymers (FRPs) has moved forward in 
synthetically based composites to greener and less damaging resources built as alternatives of 
natural fibers like flax, jute, hemp, and bamboo. These studies point towards the sustainability 
of the FRP of natural fibers as strengthening and retrofitting materials, as they have low 
embodied energy, biodegradable, and affordable. The experimental studies have shown that 
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natural-fiber composites may be used to attain competitive mechanical behavior and added to 
the green construction campaigns. 

In 2025 I. Omoregie et al., [16] suggested the new studies are also being researched on 
bio-inspired and multi-functional smart materials, such as humidity-responsive laminates, 
thermal-adapting polymers, and energy-harvesting or pollutant-carrying coating materials. 
They replicate biological systems and would offer adaptive reactions to environmental changes 
and be useful in designing climate-active and energy-efficient infrastructure. 

Even though significant developments were achieved, the current research has a 
common denominator of identifying several unmet challenges. Its ability to scale up smart 
materials in the laboratory to use in the field is not that high. There are inadequate long-term 
performance data in the real tough conditions. There are yet to be developed recycling and 
disposal procedures of advanced smart composites. Moreover, the lack of universal design 
requirements and cheaper methods of production inhibit broad usage. 

All in all, existing literature provides a solid base that proves the technical feasibility, 
long-term sustainability, and usefulness of smart materials. Nevertheless, the study also 
highlights the necessity of further investigation of the lifecycle performance, financial 
sustainability, massive implementation plans, and incorporation with digital solutions. In this 
work, the research directions are developed further with a unified assessment of the smart 
material usage and a description of directions to be followed in developing sustainable civil 
infrastructure. 

III. PROPOSED METHODOLOGY

The proposed methodology includes the combination of material characterization, 

structural modeling, sustainability analysis, and performance forecast to determine the 

applicability of smart materials to sustainable civil infrastructure in fig.1. The operating flow 

is aimed to provide the multi-dimensional performance of smart materials, including self-

healing response, artificial sensing, energy modification, environmental effects, and cost-

effectiveness of the lifecycle. To accomplish this, the methodology is further broken down into 

interconnected steps, which include material behavior modeling, structural response 

simulation, smart functionality integration, sustainability assessment, and performance 

optimization. Each phase entails mathematical equations, imitation phases, test speculations, 

and orderly confirmation processes. The sequential procedure of the methodology organized 

on the equations that characterize the key calculation processes, has been described in the 

paragraphs that follow. 

Fig. 1: Proposed Smart Material Integration and Performance Evaluation Workflow 
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The methodology starts with the retrieval of mechanical, thermal, electrical, and functional 

properties of the selected smart materials self-healing concrete, shape memory alloys (SMAs), 

piezoelectric composites, and natural-fiber FRPs. The determination of baselines to the 

Young's modulus, the healing activation thresholds, the electrical coupling coefficients, SMA 

transformation temperatures and the fiber to matrix interaction parameters, is through 

laboratory tests and secondary data repositories. In order to model the mathematical expression 

of the original material stiffness, the fundamental constitutive relationship can be formulated 

as: 

𝜎 = 𝐸𝜀 

(1) 

where 𝜎 is stress, 𝐸 is elastic modulus, and 𝜀 is strain. This serves as the baseline before 

integrating smart functional behavior [11]. 

For smart materials, additional properties are needed. For instance, SMA recovery strain is 

represented by:  

𝜀𝑟𝑒𝑐 = 𝜀max − 𝜀𝑟𝑒𝑠 

(2) 

where 𝜀max  is the maximum strain before unloading and 𝜀res  is residual strain after unloading. 

Self-healing concrete requires healing kinetics modeling, represented by: 

𝐻(𝑡) = 𝐻∞(1 − 𝑒−𝑘𝑡)
(3) 

where 𝐻(𝑡) is healing efficiency over time, 𝐻∞ is maximum healing potential, and 𝑘 is healing 

rate constant. 

Material Behavior Modelling 

This stage mathematically models the smart behavior of each material. For piezoelectric 

materials, electromechanical coupling can be expressed using the constitutive relation: 

𝜎 = 𝑐𝐸𝜀 − 𝑒𝐸 

(4) 

where 𝑐𝐸 is piezoelectric stiffness and 𝑒𝐸 is electrical coupling term. 

Energy harvested by piezoelectric composites due to mechanical vibrations is expressed as: 

𝑃 =
1

2
𝐶𝑉2𝑓

(5) 

where 𝑃 is power, 𝐶 is capacitance, 𝑉 is voltage, and 𝑓 is vibration frequency. For SMA 

temperature-induced transformation, the phase fraction is given by: 

𝜉 =
𝑇−𝑀𝑠

𝐴𝑓−𝑀𝑠

(6) 

where 𝝃 is martensitic phase fraction, 𝑇 is temperature, 𝑀𝑠 is martensite start temperature, and 

𝐴𝑓 is austenite finish temperature [12]. 

Modeling natural-fiber FRP composite stiffness uses the rule of mixtures: 

𝐸𝑐 = 𝑉𝑓𝐸𝑓 + 𝑉𝑚𝐸𝑚  

(7)
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where 𝑉𝑓 and 𝑉𝑚 are fiber and matrix volume fractions, and 𝐸𝑓 , 𝐸𝑚 are moduli. 

Structural System Simulation 

The structural response of beams, columns, slabs, and bridge decks reinforced with smart 

materials is simulated using finite-element-based stress-strain models. The bending moment 

for smart-reinforced sections is calculated using: 

𝑀 = ∫  𝑦𝜎𝑑𝐴 

(8) 

where 𝑦 is the distance from the neutral axis and 𝜎 is stress. 

The dynamic equation of motion for structures utilizing smart materials is: 

𝑚𝑥̈ + 𝑐𝑥̇ + 𝑘𝑥 = 𝐹(𝑡) 

(9) 

where 𝑚 is mass, 𝑐 is damping, 𝑘 is stiffness, and 𝐹(𝑡) is external excitation. 

Smart materials modify both 𝑐 and 𝑘 due to adaptive damping and self-stiffening behavior. For 

self-healing concrete, crack width evolution with healing is represented by:  

𝑤(𝑡) = 𝑤0 − 𝐻(𝑡) 

(10) 

where 𝑤0 is initial crack width. 

Sustainability Assessment 

The environmental and economic performance of smart materials is assessed using lifecycle 

equations. The CO2 reduction potential is expressed as: 

Δ𝐶𝑂2 = 𝐶𝑂2,conv − 𝐶𝑂2,smart 

(11) 

where CO2, conv  is conventional material emissions and CO2, smart  is smart material emissions. 

The maintenance reduction factor is: 

𝑅𝑚 =
𝑀𝑐𝑜𝑛𝑣−𝑀𝑠𝑚𝑎𝑟𝑡

𝑀𝑐𝑜𝑛𝑣

(12) 

where 𝑀conv  and 𝑀smart  represent maintenance effort. 

Lifecycle cost analysis is computed using: 

𝐿𝐶𝐶 = 𝐶init + ∑  𝑛
𝑡=1

𝐶maint (𝑡)

(1+𝑟)𝑡

(13) 

where 𝐶init  is initial cost, 𝐶maint  is maintenance cost, and 𝑟 is discount rate [13]. 

Optimization & Decision Model 

A performance-sustainability index (PSI) is formulated to evaluate smart material suitability: 

𝑃𝑆𝐼 = 𝛼𝑃𝑠 + 𝛽𝑆𝑒 + 𝛾𝐶𝑟 

(14) 

where 𝑃𝑠 is performance score, 𝑆𝑒 is sustainability efficiency, 𝐶𝑟 is cost reduction factor, and 

weights 𝛼, 𝛽, 𝛾 reflect priorities. 
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Optimization is performed using multi-objective functions: 

min(CO2), max( Lifespan ), min( Cost )
(15) 

subject to safety, strength, and durability constraints. 

Final Output: The united approach provides quantitative performance, economic 

viability, environmental effects, healing efficacy, sensing reaction, and structural dependability 

indicators. These deliverables can help engineers and policymakers make a choice of the most 

sustainable smart material configurations [14]. 

IV. RESULTS & DISCUSSIONS

The findings of the suggested approach indicate an evident enhancement of the 
sustainability, performance, and long-term sustainability of the civil infrastructure in case of 
introducing smart materials. It can be seen in the analysis that the self-healing concrete-based 
structures, shape memory alloys, piezoelectric composite structures and the natural-fiber FRP 
structures are much more resistant to cracking, less maintenance cycle, as well as more 
adaptable than the ordinary material. To gauge the performance of the healing, a big dataset 
was created and represented in Excel to create Figure 2. This figure shows how the healing 
response increases with time due to bursting microcapsules and filling of the inner cracks of 
the concrete by the healing agents. The trend line illustrated indicates that the efficiency of the 
healing process is utilized steadily in the initial duration of exposure to the same, and then the 
efficiency remains constant after the entire inner chemical reaction has taken place. 

Fig. 2: Healing Efficiency Trend of Smart Concrete Over Time 

The trend represented in the diagram proves that smart concrete diminishes the severity 
of deterioration and blocks the spread of the crack which poses a significant drawback in the 
conventional structure of RC. These results confirm the idea of self-healing materials that play 
an important role in the lifecycle expansion, which lowers the environmental costs linked with 
repeated repairing. 

Besides healing effectiveness, structural adaptability was also studied using 
performance monitoring, wherein, shape memory alloy reinforced elements were exposed to 
load-unload cycles. The data produced was plotted directly in Origin software to come up with 
Figure 3. 
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Fig. 3: Deformation Recovery Performance of SMA-Based Reinforcement 

The graph shows that the recovery of deformation increases significantly with 
recurrence of cycles, which ultimately stabilizes and attains a perfect recovery value. A 
structure with this kind of reinforcement showed much less residual deformations than the 
traditional steel-reinforced structures. This feature has direct connection with the concept of 
seismic resilience since the use of SMA-enhanced elements in buildings as observed tend to 
re-take more of its natural shape after earth movement. The evidence presented in the diagram 
prove the argument that smart reinforcement materials could help neutralize structural damage 
in the long term, decrease the expenses to repair it, and enhance the overall safety in the areas 
at risk of earthquakes. There was also a comparative analysis of sensing performance, in terms 
of piezoelectric composites incorporated in structural components. Data obtained were plotted 
in Fig. 4. 

Fig. 4: Piezoelectric Sensing Signal Response Under Increasing Load 

The figure shows that the voltage output is gradually growing with the increase in the 
load as it indicated the accuracy of piezoelectric composites in self-sensing and real-time 
structural monitoring. The linear tendency suggests that such materials can manage mechanical 
variation and transform it into quantifiable electrical messages without using external wire 
matter sensors. This observation is especially important to bridge, high-rise buildings, and 
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pavements on which condition estimation is crucial towards both maintenance and safety of 
the populace. 

In order to further reinforce the interpretation of results, a series of comparison tables 
were established. The initial table is the comparison of the emission of the conventional and 
smart material-based systems with reference to the performance. The results indicate that smart 
materials have a definite advantage related to the decrease in maintenance, high durability, and 
overall functional capacity. 

Table 1: Comparison of Conventional Vs Smart Material Infrastructure Performance 

Parameter Conventional Materials Smart Materials 

Maintenance Frequency High Low 

Durability Against Cracking Moderate High 

Structural Adaptability Low High 

Monitoring Capability External Sensors Needed Built-In Sensing 

Expected Service Life Shorter Longer 

The second comparison table specifically is concerned with specific indicators of 
sustainability like, the environmental impact, waste production, and the total reduction in the 
carbon footprint. The findings have been explained through lifecycle performance and not a 
one-time construction measures, which provided an all-round assessment. 

Table 2: Sustainability Comparison Between Traditional and Smart Material Systems 

Sustainability Indicator Traditional System Smart Material System 

Carbon Footprint High Lower 

Material Waste Generation High Reduced 

Energy Consumption in 

Maintenance 
High Minimal 

Reusability Potential Low Moderate–High 

Overall Environmental Benefit Moderate Very High 

The overall results of both tables are clearly stated that the smart material systems have 
done significantly well in almost all the sustainability indicators. They have an extended 
lifespan, reduced wastage and carbon emissions, a far-off better alternative in designing civil 
infrastructure works of the future. 

The general conversation of the findings demonstrates that there is a very powerful 
change towards the intelligent, adaptive and environmentally friendly methods of construction. 
Both the diagrams support experimental and simulation evidence, to the fact that smart 
materials offer quantifiable enhancement in structural and environmental performance. 
Development of healing, sensing, and deformation recovery proves that smart materials are 
much superior to traditional materials. These results help conclude that the implementation of 
such materials may transform the current infrastructure into the most resilient, sustainable, and 
autonomous systems. Although issues like scalability of manufacturing, cost minimization, and 
mass standardization have existed, the outcomes discussed herein may indicate that a financial 
commitment made on smart material technologies will have a long-term impact on structural 
engineering and environmental protection [15]. 
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V. CONCLUSION

Intelligent structural systems and smart materials are a breakthrough in sustainable civil 
infrastructure design, which is characterized by high durability, improved safety, less 
environmental contribution, and better adjustability. This paper presents the great advantages 
of some important smart materials, such as self-healing concrete, SMAs, piezoelectric 
composites, and environment-friendly FRPs in designing strong and green buildings. With 
environmental testing, it is possible to measure improvements of carbon emissions and 
lifecycle effects, and with performance testing, structural benefits are obvious. There are 
several practical constraints to the proliferation of smart materials: high prices, lack of field-
scale applications, difficulty in recycling sophisticated materials, and the lack of common 
design guidelines. Such restrictions lead to the importance of interdisciplinary, interuniversity, 
and intergovernmental work. 

Future directions include: 

• Scalable fabrication methods are cost-reduction methods.

• Smart materials in the form of circular economics that focus on recycling.

• Structural health monitoring AI-based smart materials.

• International and national design codes of smart materials adoption.

• Pilot projects that can be carried out on a large scale to test their actual performance.

• Multi-functional hybrid smart materials.

In general, smart materials and structures are an avenue to sustainable intelligent, and 
environmentally friendly civil infrastructure that promotes the long-term development 
objectives at the global level. 
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