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Application of Operational Research in Sustainable Environmental 

Management and Climate Change
1
  

 

 

Abstract 

 
Today, the impact of OR can be felt in many areas. A large number of management firms are 

currently engaged in OR activities. The principles of operational research (OR) and related 

mathematical methods have been applied to environmental issues for the long times. 

However, the increasing pressures experienced by industry over the last decade, pertaining to 

sustainable development performances, have renewed interests and intensified the potential 

application of OR techniques in environmental  management. Capacity decisions establish a 

set of conditions within which operations will be required to function. Hence, it is extremely 

important to include input from operations management people in making capacity decisions. 

There is need to develop a balance between modernization and sustainability. Sustainability 

refers to service and production processes that use resources in ways that do not harm 

ecological systems that support both current and future human existence. Sustainability 

measures often go beyond traditional environmental and economic measures to include 

measures that incorporate social criteria in decision making. Because they all fall within the 

realm of operations, operations management is central to dealing with these issues. The need 

for effective optimisation methods that incorporate concepts of efficient resource use and 

environmental concern is becoming more and more urgent as the environmental situation 

deteriorates. This paper focus on the possibilities of incorporating Operational Researchers 

with environmental issues and the importance of OR models and techniques in environmental 

management. 
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Introduction: 

 

 
Economic growth is frequently considered to be in conflict with sustainable development and 

environmental quality. Therefore, a decision maker needs to know how to deal with the 

environmental issues that come around. OR/MS seeks to provide decision and policy makers 

with mathematical models and analytic tools to increase efficiencies and help make better 

decisions.‖ Both the fields of OR and EM are still young. The general interest in, as well as 

the research effort spent on, environmental problems has grown enormously since the first 

indications that economies cannot grow forever without strong negative effects on natural 

resources and the environment. In 1987 the World Commission on Environment and 

Development (WCED) formally defined the concept of sustainable development as:  

"Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.‖ The starting point of 

theory formation is the ethical idea of sustainability. It is based on obligations toward future 

generations and presupposes intergenerational equity. It contains within it two key concepts:  

 

1. The concept of needs, in particular the essential needs of the world's poor, to which 

overriding priority should be given; and  

2. The idea of limitations imposed by the state of technology and social organization on the 

ability of the environment to meet present and future needs.
2
  

 

"The opportunities for OR and MS are numerous. Environmental problems are 

substantial; the costs of dealing with them are imposing. Because our 

resources - natural and financial - are limited, it is critical that we think smart 

and plan smart in dealing with environmental issues. Good analysis can pay 

off." (Talcott, 1992) 

 

Sustainable development is increasingly being seen as a major challenge in global terms. 

Operational Research (OR) has yet to be fully utilised in this area. To date, where it has been 

mostly used, it tends to deal with the relationships between environmental management and 

product supply chain and rarely focuses on the social dimension. OR/MS seeks to provide 
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decision and policy makers with mathematical models and analytic tools to increase 

efficiencies and help make better decisions.‖ Both the fields of OR and EM are still young. 

The general interest in, as well as the research effort spent on, environmental problems has 

grown enormously since the first indications that economies cannot grow forever without 

strong negative effects on natural resources and the environment (Meadows [104]). The field 

of OR, in itself hardly 70 years old, became interested in environmental issues as an 

application area in the mid-seventies. It also stresses the need for a framework approaching 

environmental issues from both an economic (efficient) and an environmental (sustainable) 

point of view; and helps to find possibilities of including environmental issues in existing 

Operational Research models and methods and to find possibilities to use Operational 

Research models and methods in solving environmental problems.  

 

OR is a dominant decision making tool in almost all field and environmental studies is one 

of them. It is also clear that a great deal of work undertaken to support environmental 

planning - from modelling the Earth as a whole system, thereby making a case for limiting 

economic growth (Meadows et al, 1972; Meadows et al, 1992) to more recent applications of 

risk management in the production. Operational Research to be a scientific approach to 

decision making, which seeks to determine how best to design and operate a system, usually 

under conditions requiring the allocation of scarce resources (Winston [165]). Operational 

Research has shown to be very useful in industrial decision making problems such as: 

 Control of production processes (tuning of machines, scheduling of 

operations, selection of raw materials); 

 Inventory control (optimal reorder levels, sizing of warehouses); 

 Control of flows of goods (throughput time reduction, location of distribution 

points, routing). 

 

These performance objectives manifest in three operational focal points that are fundamental 

to the industry‘s 

Projects, which drive change in internal operational practices. The concept of sustainable 

development must be integrated with the planning and management practices over the life 

cycles of projects. 

Assets, which are required in the manufacturing process. The life cycles of assets must be 

optimised in terms of sustainable development performances objectives of the manufacturing 

facility. 



Products, which determine the economic value of manufacturing operations. The influence of 

products on economies, environments and society as a whole must be considered, i.e. the 

concept of product stewardship. 

Generic tools have subsequently been developed to incorporate sustainable development into 

management practices in industry, e.g. to assess environmental performances throughout the 

life cycles of projects in the manufacturing sector
3
 or or to focus on the quantitative 

assessment of sustainability performances in product life cycles.
4
 

Operational Research has produced practical tools for analysing these decision making 

problems. Tools include mathematical programming techniques (linear programming, integer 

programming, non-linear programming), network analysis, queuing theory, stochastic 

programming, and simulation among many others. Operations and supply chains are 

intrinsically linked, and no business organization could exist without both. A supply chain is 

the sequence of organizations—their facilities, functions, and activities—that are involved in 

producing and delivering a product or service. Need advanced knowledge that influence the 

quality of raw materials is required in order to produce materials, expertise in understanding 

raw material variation, efficient production processes, rapid and precise measurement 

techniques and statistical process control and optimisation. The importance optimisation of 

raw material cost in manufacturing industries and identify the factors that influence the 

selection of proper method or techniques to optimise the raw material. Evaluation and 

monitoring plays an important role in improving optimisation activities with new 

implantation for regular problems in manufacturing industries to minimise the raw material 

cost. 

 

Environmental Management concerns the management of scarce environmental resources 

like raw materials, fossil fuels, clean water and air. Environmental Management is based on 

conflict analysis, characterized by technical, socio-economic, environmental and political 

value judgements. It concerns the development of instruments to reduce or prevent 

environmental problems. These instruments can point directly at processes in the 

environment (e.g. global warming, stratospheric ozone depletion), or at social causes of 

environmental problems (e.g. overpopulation, traffic intensity). Effect-directed instruments 
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support the forecasting and evaluation of the environmental effects of human activities. 

Source-directed instruments support changes in economic behaviour due to environmental 

problems. The relation between the economic process chain (production-consumption-waste) 

and the environmental effect chain (emissions-pollution-depletion) is essential in 

Environmental Management and decision making process for future. Operational Research 

and Environmental Management can play a complementary role in the research and 

development of environmental problem. Operational Research has a long and outstanding 

tradition in the allocation of scarce economic resources (e.g. money, materials, etc.). This 

knowledge is very useful in the management of scarce environmental resources. 

Environmental issues have come to play an important role in decision making processes of 

industries. Decisions on production planning, logistics, allocation and inventory control are 

changing due to legal requirements or consumer pressures to reduce waste and emissions. 

The knowledge of Environmental Management is essential while including environmental 

issues in Operational Research models. These developments give the opportunity to build a 

framework on the interaction of environmental issues and economic activities using both 

Operational Research tools and Environmental Management instruments. OR models and 

methods should be adapted to accommodate environmental issues, and become more 

sustainable like economic-ecological models in EM. Economic-ecological models, 

traditionally descriptive, should be adapted to accommodate decision support, in order to (i) 

determine an efficient design of the economic system under environmental constraints, and 

(ii) solve environmental problems under economic constraints. 

 

1. Operation Research and Environmental Issues 

 

Effective management and planning of resources and environmental systems have been of 

concerns in the past decades since contamination and resource-scarcity problems have led to 

a variety of impacts and liabilities. However, achieving a reasonable and efficient 

management strategy is difficult since many conflicting factors have to be balanced due to 

complexities of the real-world problems. In resources and environmental systems, there are a 

number of factors that need to be considered by planners and decision-makers, such as social, 

economic, technical, legislational, institutional, and political issues, as well as environmental 

protection and resources conservation. Moreover, a variety of processes and activities are 

interrelated to each other, resulting in complicated systems with interactive, dynamic, 



nonlinear, multiobjective, multistage, multilayer, and uncertain features. These complexities 

may be further amplified due to their association with economic consequences if the promises 

of expected targets are violated. Mathematical models are recognized as effective tools that 

could help examine economic, environmental, and ecological impacts of alternative 

pollution-control and resources-conservation actions, and thus aid planners or decision-

makers in formulating cost-effective management policies. Therefore, to facilitate more 

robust management and planning of resources and environmental systems, innovative 

mathematical tools that are able to reflect various combinations of these complexities are 

desired. Operational Research has been successfully used in a variety of applications in the 

field of engineering, energy, environment, economics, medicine, biology, etc. Although there 

have been successful efforts in both theoretical and applied domains, there is still a number of 

outstanding questions regarding: (a) Energy Planning and environmental (b) Environmental 

Decision Making, (c) Environmental Impact, and (d) Sustainability. 

 

Needs for Interaction of OR and EM for Decision making  

 

Recently, applied mathematics has gained growing importance in order to analyse and 

estimate mathematical models and statistical models for environmental problems. Such fields 

as discrete optimization and combinatory, mathematical modelling via algebras, topology and 

various equations, and the theory of mathematical systems, including linear and nonlinear 

programming and stochastic algorithm, provide effective theory for solving extensive 

problems involving traffic affairs, environmental pollution and destruction of ecological 

systems. To evaluate quantitatively the effects of human activities on the environment, it is 

necessary to collect many kinds and large amounts of data and analyse them properly. In 

order to find proper models under such conditions it is necessary to apply complex statistical 

models with careful diagnostic checking by using computers. A wide spectrum of 

environmental problems will solve with optimization methods, such as the environmental 

process synthesis and design, waste management and minimization of resources with 

environmental considerations. 

Operations research is becoming increasingly prevalent in the natural resource sector, 

specifically in agriculture, fisheries, forestry and mining. While there are similar research 

questions in these areas, Environmental decision-making is complicated by the complexity of 

natural systems and the often competing needs of multiple stakeholders. Modelling tools are 



often used to assist at various stages of the environmental decision-making process. If such 

models are to provide effective decision support, the uncertainties associated with all aspects 

of the decision-making process need to be taken into account explicitly. However, as models 

become more complex in order to better represent integrated environmental, social and 

economic systems, achieving this goal becomes more difficult. Some of the important issues 

that need to be addressed in relation to the incorporation of uncertainty in environmental 

decision-making processes include (i) the development of appropriate risk-based performance 

criteria that are understood and accepted by a range of disciplines, (ii) the development of 

methods for quantifying the uncertainty associated with human input, (iii) the development of 

approaches and strategies for increasing the computational efficiency of integrated models, 

optimization methods and methods for estimating risk-based performance measures, and (iv) 

the development of an integrated framework that enables all sources of uncertainty to be 

incorporated in the environmental decision-making process. 

 

Environmental management presents significant challenges, as:  

 

It is concerned with highly complex systems that are generally not well understood; it 

generally involves a large number of stakeholders, often with competing objectives; and there 

are generally a large number of potential management options. As model complexity 

increases in order to better represent environmental and socio-environmental systems, there is 

an increased need to identify potential sources of uncertainty and to quantify their impact, so 

that appropriate management options can be identified with confidence. 

 

a) Energy Planning And Management 

 

By the year 2040, annual global electricity consumption will be 70% higher than in 2015, 

according to International Energy Agency (IEA) estimates. This staggering increase has left 

electric utilities around the globe seeking answers to some very difficult power questions. 

How can almost twice as much electricity be consumed while still reducing fossil fuel 

emissions? And how must today‘s power distribution systems evolve to meet this growing 

demand? Energy efficiency, or energy productivity, is a measure of how much useful work 

is accomplished by a particular input of energy into a system. There is need of data canters 

supporting clients and internal operations worldwide and holistic approach to managing data 



canters — from improving existing space to derive more workload per area, equipment and 

energy utilized, to building or leasing new, higher-efficiency space. 

 

Industries, commercial areas, large buildings, municipalities, and communities are facing 

three main challenges: costs, security of supply and CO₂ reduction. With the help of local 

distributed energy solutions, it‘s possible to turn these challenges into long-term calculable 

variables – across all businesses and industrial sectors. The solutions utilize an optimized mix 

of distributed energy resources (DER) such as renewable energy, combined heating and 

power stations, or storage systems, supported by sophisticated energy management. 

The utilization of energy contributes substantially to environmental pollution. Increasing 

environmental degradation calls for quick decisions in the field of energy and environmental 

planning, which anyhow are subject to a high degree of uncertainty. Major investments in this 

field are necessary to cope with the challenging environmental targets and to provide 

sufficient affordable and reliable energy for a growing population in an environmentally 

compatible way. 

 

A planning model today has to offer more than a sophisticated algorithm. It should be user 

friendly and should include powerful data management features. Data management has 

become a crucial role in the dynamic planning process, if one has in mind the huge amount of 

information that has to be treated to cover all the planning aspects mentioned above. The data 

management systems help to organize the information, to reduce retrieval times and to create 

a coherent data set for the planning models. It helps the planner to quickly set up his 

assumptions to analyse the modelling results and to deduce decisions from these results 

within short time limits. Utilizing the data management system becomes a major part of the 

planning task. 

 

Requirements technique for Optimize the energy resources 

 

Knowing the energy consumption, we need the right conclusions to improve our energy 

supply as following given methods; 

 Explore new potentials: Receive profound analysis of business‘ energy data 

and discover new ways to reduce energy expenses and ecological footprint. 



 Minimize costs: Reduce the energy costs by utilizing a customized system set-

up consisting of energy generation, storage solutions, and energy management 

tools. 

 Optimize resilience: Optimize the system configuration based on specific 

business goals, considering existing asset structure for electricity, heating, and 

cooling. 

 Increase sustainability: Improve green footprint by optimizing existing setup 

to meet individual environmental goals and ensure sustainable energy supply. 

Distributed energy resource management systems offer utilities the data, insights and control 

capabilities needed to efficiently operate diverse distribution grids. 

 

Distribution Management System (DMS) 

Advanced Distribution Management System (ADMS) – ADMS provides advanced 

monitoring, analysis, control, optimization, planning, and training functions allowing utility 

companies to provide more reliable, safe, and efficient power, it also provides utilities with a 

modular and flexible platform within a common user experience, data model, integration 

framework, and secure infrastructure. Some other benefits of intervention of Operational 

Research in Energy Planning and Management with the help of ADMS are; 

 Provides clear and consistent real-time, forecasted, and historical views of the 

distribution network. 

 Allows system operators, dispatchers, field crews, planning engineers, 

reliability analysts, and managers to work as a team - accessing the same as-

operated representation of network grid information. 

 Common situational awareness provides efficient and reliable management of 

grid operations in the face of a diverse, rapidly changing environment. 

 Enables greater network reliability, improved operational efficiency, reduced 

operations costs, increased safety, enhanced security, support for regulatory 

compliance, better asset utilization, and standards-based integration. 

Today it is agreed that energy and environmental planning should be regarded as a 

continuous process and not a one-lime-action. Planning is not to be seen as a prediction of the 



future but as a tool that gives a rational basis for taking decisions at stage today that involve 

high investments and which have a long impact into an uncertain future. Energy and 

environmental planning should not be an end in itself: it should be oriented towards specific 

solutions for explicit problems. 

 

b) Environmental Decision Making Processes 

 

A decision science approach analyzes decisions and the processes for making them, It 

considers the objectives of decision making and ways to evaluate decisions and decision 

processes against those objectives. It identifies the questions and kinds of information needed 

for good decision processes, and it develops knowledge about which decision processes are 

likely to produce desired outcomes. Basic research in decision sciences has focused primarily 

on unitary decision makers. Normative decision theory concerns hypothetical rational 

decision makers; behavioural decision theory concerns actual individuals.
5
 

 

A decision science approach analyzes decisions and the processes for making them. It 

considers the objectives of decision making and ways to evaluate decisions and decision 

processes against those objectives. It identifies the questions and kinds of information needed 

for good decision processes, and it develops knowledge about which decision processes are 

likely to produce desired outcomes.
6
 

 

In order to develop model-based decision-support tools for environmental management and 

policy analysis, one or more of the steps in the environmental decision-making process need 

to be considered. The main factors that have an impact on whether environmental problems 

are addressed, Product and service design is a focal point in the quest for sustainability. Key 

aspects include end-of-life programs, reduction of costs and materials used, reuse of parts of 

returned products, and recycling. Environment management division deals with the 

management of natural resources such as land, water, rivers, soil, plants and animals, with a 

particular focus on how management initiatives affect the quality of life for both present and 

future generations. The division is run with the notion of sustainable development, a principle 
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that forms the basis for land management and environmental governance throughout the 

world. 

 

Environmental systems are generally multi objective, and to analyse them multi criterion 

functions will be optimized. The multiple criteria problems have three difficulties. First, the 

superior solution for all decision variables in multiple criteria problems generally cannot be 

found because the criteria are usually in conflict with each other. Second, the values of multi 

criterion functions are generally non commensurate: the magnitude of the numerical values 

cannot be measured in a common unit. Third, decision making in the multiple criteria 

problems is usually under uncertainty. Making decisions for selecting optimal policies cannot 

be delayed until empirical results of mass observations can be obtained because 

environmental impacts of policymaking are not only complex but often irreversible. 

 

However, the problem is how to derive quantitatively the preference functions which are 

unknown in advance, and more sophisticated devices for constructing the overall preference 

function are required. In addition, this process is also under uncertainty, demanding the 

subjective judgement of the decision maker. Thus, multi objective optimization method may 

use to obtain the optimal solutions. To choose the preferred solution among them is a 

judgmental or subjective phase. In general, a multi criterion optimization problem is 

considered in the following form: 

 

                  max {f1(x),f2(x), .. · .fm(x)} …………………(1) 

                  x€X 

where f;, i = 1, · · ·, m, is a criterion function (or objective function) of an n dimensional 

decision vector x. x is a constrained set of feasible decision. 

 

c) Environmental Impact 

 

The management of the natural environment is becoming increasingly important within 

operations as customers, suppliers and the public demand that manufacturers minimize any 

negative environmental effects of their products and operations. Organizations have to play 

a critical role in determining the environmental impact of manufacturing operations through 

choices of raw materials used, energy consumed, pollutants emitted and wastes generated. 

Over the past three decades, conceptual thinking on environmental issues have slowly 



expanded from a narrow focus on pollution control to include a large set of management 

decisions, program and technologies. Pressures to apply the concept of sustainable 

development to manufacturing underscore the need to think strategically about 

environmental issues. In this context, sustainable development translates into the 

integration of environmental management into manufacturing design and technology 

decisions. 

 

d) Sustainability 

 

Sustainable Operations Management focuses on the sustainability of supply chains. It aims 

for solutions that make supply chains more sustainable, while maintaining efficiency. The 

concept of sustainability using several viewpoints to identify the best approach to adopt it in 

business operations. Performance measures and continuous improvement are introduced as 

the components necessary to translate sustainable corporate strategy into sustainable 

operations, using an integrated quality, environmental and safety management system. 

Sustainability is an increasingly relevant issue for a wide range of organizations, and 

therefore sustainability management strategies and practices are of growing significance. 

Because many sustainability impacts are strongly influenced by operations management 

decisions it is critical that the operations management function embraces the requirements of 

sustainability management. This has implications for decisions and processes associated with 

all aspects of operations management including strategy, design, planning and control, and 

improvement. 

 

2. Importance of OR models and techniques in environmental management. 

 

Changes in environmental research, planning, and management over the past 20 years have 

determined the requirements for new methodological approaches to connect environmental 

science and policy. Environmental management (EM) is a subject that combines science, 

policy, and socioeconomic applications. It primarily stresses on finding solution to practical 

problems that people face in cohabitation with nature, resource exploitation, and waste 

production. In a purely anthropocentric sense, environmental management is all about dealing 

with the fundamental issue of how to innovate technology to evolve continuously while 

limiting the degree to which this process alters natural environment. Thus, Environmental 

management is closely linked with issues regarding sustainable economic growth, ensuring 



fair and equitable distribution of resources, and conserving natural resources for future 

generations. OM is increasingly connected with the environment and sustainable 

development and it now concerns both the operational drivers of profitability and their 

relationship with people and the planet. 

Following the definition of sustainability by the World Commission on Environment and 

Development (WCED), Sustainable Operations Management (SOM) is defined as the set of 

skills and concepts that allow a company to structure and manage its business processes in 

order to obtain competitive returns on its capital assets without sacrificing the needs of 

stakeholders and with regard for the impact of its operations on people and environment. 

In order to perform sustainable operations, it is necessary to enlarge the perspective of OM, 

including people and the planet. According to Kleindorfer et al. SOM integrates the profit and 

efficiency orientation of traditional OM with broader considerations of the company‘s 

internal and external stakeholders and its environmental impact. SOM helps companies to 

become agile, adaptive and aligned, balancing the people and the planet with profits. 

Operations Management enables the digitalization of a broad spectrum of production-related 

functions, including advanced planning and scheduling, manufacturing execution, quality 

management and manufacturing intelligence. In industry, mathematical modelling is used for 

environmental performances, and product and process evaluations in Environment 

Management System. However, for all of these applications the purpose remains similar, i.e. 

to determine the detrimental anthropogenic impacts of industrial activities on the natural and 

human environment. 

 

Conclusions 

 

Operational research models have been applied to environmental problems since the late 

1960‘s. However, increased awareness has intensified the attention on environmental 

protection in industry. The consequence has been the re-discovery of the value of operational 

research models within environmental management. A wide spectrum of environmental 

problems will solve with optimization methods, such as the environmental process synthesis 

and design, waste management and minimization, water resources management, energy 

management with environmental considerations. OR/MS seeks to provide decision and policy 

makers with mathematical models and analytic tools to increase efficiencies and help make 



better decisions. Sustainability is an increasingly relevant issue for a wide range of 

organizations, and therefore sustainability management strategies and practices are of 

growing significance. Because many sustainability impacts are strongly influenced by 

operations management decisions it is critical that the operations management function 

embraces the requirements of sustainability management. This has implications for decisions 

and processes associated with all aspects of operations management including strategy, 

design, planning and control, and improvement. 
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