
Sustainability 2014, 6, 6377-6399; doi:10.3390/su6096377 

 

sustainability 
ISSN 2071-1050 

www.mdpi.com/journal/sustainability 

Article 

Commitment to Emissions Restrictions of Major Consumers of 
Electricity in Brazil 

Fabricio Casarejos 1,2,*, Mauricio Nogueira Frota 1,†,*, Gil Penha-Lopes 2,†,  

Vagner Viana Silva 1,† and Fernanda Particelli 3,† 

1 Postgraduate Program in Metrology for Quality and Innovation, Catholic University of  

Rio de Janeiro, Rua Marquês de São Vicente, 225-Gávea, Rio de Janeiro-RJ 22453-900, Brazil;  

E-Mail: silvaufrrj@gmail.com 
2 Climate Change Impacts, Adaptation & Modeling Research Group (CCIAM), Center for Ecology, 

Evolution and Environmental Changes (CE3C), Faculty of Sciences, Lisbon University,  

Lisboa 1749-016, Portugal; E-Mail: gppenha-lopes@fc.ul.pt 
3 Light Serviços de Eletricidade S/A, Marechal Floriano, Rio de Janeiro-RJ 20080-002, Brazil;  

E-Mail: fernanda.particelli@light.com.br  

† These authors contributed equally to this work. 

* Author to whom correspondence should be addressed; E-Mails: casarejos@fc.ul.pt (F.C.); 

mfrota@puc-rio.br (M.N.F.); Tel.: +55-21-3527-1171 (M.N.F.); Fax: +55-21-3527-2060 (M.N.F.).  

Received: 24 June 2014; in revised form: 28 August 2014 / Accepted: 26 August 2014 /  

Published: 15 September 2014 

 

Abstract: In the context of global concerns about climate change that stem from the 

alarming and unprecedented growth of greenhouse gas (GHG) emissions, this study 

discusses the use of energy by large consumers of electricity in Brazil in the perspective of 

sustainable development, energy resources, and regulatory policies. It evaluates the 

commitment to emissions restrictions among the major customers of an electricity utility 

company that serves 4.1 million consumers (68% of the population and 66% of the gross 

internal product for the second-highest economically developed Brazilian state). The 

evaluation is based on proposed metrics and indicators. By considering the Brazilian 

commitment to a policy of sustainable development, this study reviews the primary 

international agreements and recommendations that have been developed to mitigate and 

adapt to climate change and sustainability. A survey was developed for participating 

organizations classified by economic sector to assess their awareness to 18 issues that 

reflect international guidelines on emission constraints. Based on total energy consumption, 
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the survey discusses the worrying level of GHG emissions (tCO2eq) that is associated with 

the generation of electricity by customers of the largest utility company. In spite of 90% of 

the organizations having considered sustainability as a business opportunity and a 

competitive differential that enables niche markets, the results of this study demonstrated 

low commitment to the desired emissions restrictions. 

Keywords: climate change; sustainable development; public policy; global warming; 

greenhouse gas emissions 

 

1. Introduction 

The search for sustainable developmental models and effective adaptation and mitigation strategies 

for climate change is a recurring challenge for contemporary societies [1–4]. Scientific evidence of climate 

change due to the emission of greenhouse gases (GHG) by human activities began to cause public 

concern in the 1980s [5]. After the creation of the Intergovernmental Panel on Climate Change (IPCC) 

in 1998, this issue gained international exposure and was considered to be an actual threat [6,7].  

To stimulate the debate on critical subjects related to sustainable development and climate change, a 

schedule of international conferences and a set of actions were proposed by the United Nations and the 

United Nations Framework Convention on Climate Change (UNFCCC) [5,6,8]. 

The current consensus on climate change was published in the 4th Assessment Report of the IPCC 

almost one decade after its creation [2] (IPCC, 2007). The report revealed that the effect of human 

activities since 1750 produced +1.6 (+0.6 to +2.4) Wm−2, with an increase of 0.2 °C per decade in the 

environmental temperature over the last few years. These data form the fundamental basis of the 

assessment that the planet is unavoidably subject to a (threatening) “global warming” process induced 

by the high concentration of GHGs in the atmosphere [2,3]. Official IPCC data indicated that global 

emission levels increased from 280 ppm to 379 ppm in 2005 and attained a level of 391 ppm in  

2011 [2,4]. These levels are significantly higher than the levels recorded prior to the industrial 

revolution. Recent research indicates that climate change will intensify in the future and cause 

structural transformations that will exert long-term effects on the global economy and quality of life, 

potentially threatening all nations [4,9–11].  

Climate change has emerged as an externality with high risks to economies and business cycles [12–14]. 

Issues associated with climate change and sustainability have influenced the decisions of both 

governmental and nongovernmental leaders and the behaviors and relationships of civil society [4,14–18]. 

The development of a regulatory framework, the engagement of public opinions on sustainability, the 

expansion of an ethical and conscious consumption culture, the knowledge of sustainable management 

techniques and the establishment of financial governmental incentives have pressured organizations to 

incorporate climate change into their strategic visions [14,19–21].  
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2. National Policy on Climate Change and GHG Emissions 

Due to its commitment to sustainable development, Brazil has played an important role in the 

creation of international mechanisms and agreements that address the challenges of climate change. 

The following accomplishments highlight the primary actions and experiences that characterize 

Brazil’s position on global climate policy: 

 Served as the headquarters for two of four UN conferences on sustainability, sustainable 

development and climate change [22,23];  

 Achieved a position of leadership in the reduction of GHG emissions in deforestation and land use, 

which are referred to as land use, land use change and forestry (LULUCF1) emissions [24,25];  

 Accumulated extensive experience with hydroelectric power generation and bio-fuels, which 

prompted the conception of the clean development mechanisms (CDMs) of the Kyoto Protocol;  

 Promulgated, in December 2009, its National Policy on Climate Change (NPCC), which was 

established as Law 12187/2009; 

 Committed (voluntarily) to reducing GHG emissions to a level between 36.1% and 38.9% to 

satisfy the international levels (COP-16/Cancun) for 2020 (Art. 12 of Law 12187/2009) [26], 

which defines the mandatory publishing of annual governmental reports on the emission of 

GHGs, beginning in 2012, in a manner that can be understood by any interested segments of society. 

The Brazilian Climate Change Policy is a relevant framework that integrates and harmonizes public 

policies that address the challenges induced by sustainability and climate change. This framework aims 

to encourage the development and improvement of sectoral actions towards sustainability and climate 

change mitigation and adaptation strategies. It collaborates with the global effort to reduce GHG 

emissions and initiatives to create internal conditions for managing the impacts of global climate 

change. Although Brazil is a signatory of the Framework Convention, it did not formally commit to 

reducing its GHG emissions, as did the countries listed in Annex I of the UNFCCC. However, Brazil 

elaborates GHG emission inventories; formulates national programs of mitigation and adaptation to 

climate change; promotes technological, scientific and educational cooperation in sustainability and 

climate change and promotes the sustainable management of carbon sinks and reservoirs.  

According to the most recent Brazilian Energy Balance [25], 42.4% of the Brazilian energy matrix, 

which comprises a total of 592.8 TWh, consists of renewable sources (hydroelectric, 76.8%; biomass, 

6.8%; natural gas, 7.9%; nuclear, 2.7%; petroleum products, 3.3%; coal and its products, 1.6%; and 

wind, 0.9%). The GHG emissions associated with this energy matrix total 430 MtCO2eq, of which 

48.8% (210 MtCO2eq) are produced by the transportation sector. According to the official data from 

the Brazilian government [25,27], the per-capita GHG emissions in Brazil is 2 tCO2eq, which is 

significantly less than the per-capita emissions of the USA (17 tCO2eq), the per-capita emissions of the 

European Union countries (7 tCO2eq) and the per-capita emissions of China (5 tCO2eq). The carbon 

intensity of the Brazilian economy was approximately 0.2 kg CO2eq/US$ in 2011, which indicates that 

the Brazilian economy is less carbon-intensive than other economies. The carbon intensity of the 

Brazilian economy is two times less than the carbon intensity of the American economy, 1.4 times less 

than the carbon intensity of the European economy and 2.8 times less than the carbon intensity of the 
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Chinese economy. For each MWh generated in 2012, the Brazilian power industry emitted an average 

of 82 kg of CO2eq [24,25]. 

Although Brazil reduced its GHG emissions by 1%—from 112.8 GtCO2eq (2010) to 111.6 GtCO2eq 

(2011)—via a program to reduce deforestation and increase the awareness of land and forest use, a 

significant increase in the share of emissions from industrial activities (which increased from 4% of the 

total emissions in 2005 to 7% of the total emissions in 2010) and electric power [28] generation and 

use (which increased from 16% of the total emissions to 32% of the total emissions for the same 

period) is evident. That is, the combined share of emissions from these sectors of the Brazilian economy 

increased from 20% of the total emissions to 39% of the total emissions between 2005 and 2010.  

3. Theoretical Background: Climate Change Actions and Strategies  

The impacts and consequences of climate change challenge managers, policy makers and 

organizations, as climate change can potentially threaten business environments; affect lifestyles, 

values and social practices; and create environmental conflicts [14,27,29]. Amongst the numerous 

causes of climate change, the consumerism of urban lifestyles, the fragmentation of ecosystemic 

resources and services, intense energy usage and high GHG emissions are notable [4,30]. Government 

and nongovernment leaders must have the perspicacity to scientifically understand the complexity of 

these processes and overcome these challenges to prevent collateral damage caused by emergency 

remediation [4,19,31]. To adequately address these challenges, which are not always predictable, 

organizations may benefit by adopting new adaptation and mitigation strategies for growth and 

development. These strategies include the utilization of reduced GHG emissions in an organization’s 

maintenance and growth; the re-evaluation of values, policies and management models; the 

development of new products, services and markets; the adoption of new modes of productivity, 

competitiveness and relationships; the diagnosis of risks and emerging opportunities; the formulation 

of conscious norms and policies and the anticipation and adaptation to new realities to enable the 

future use of preventive and control measures [13,14,19,31–34]. 

The challenge of formulating effective GHG and sustainability management strategies is to 

understand the current actions and intentions of an organization. Each organization constitutes a 

unique universe with distinct social, economic, environmental and institutional specificities [12]. The 

development of policies and strategies that are specific to an organization requires knowledge based on 

scientific concepts and reliable data. Policy analysis and evaluation require a detailed diagnosis of the 

performed activities and an understanding of the specificities. Since the implementation of the Kyoto 

Protocol in 1997 [35], many organizations have considered sustainability and climate change strategies 

as business strategies [14,19,33,34,36,37].  

The following scientific studies on corporate sustainability and climate change strategies are 

highlighted: “corporate environmentalism” [12], “climate change strategy” [38], “climate strategy” [39], 

“corporate strategies” [12], “carbon strategies” [40], “the business response to climate change” [41], 

“the corporate CO2 strategy” (Weinhofer and Hoffmann, 2010), and “corporate carbon strategy” [37]. 

These studies indicate a competitive advantage for organizations that are capable of incorporating 

climate change into their strategic planning, which ensures improved conditions for the exploitation of 

opportunities that emerge from a changing business environment. The studies also reinforce the idea 
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that climate change strategies must be integrated into an organization’s priority strategies. Climate 

change and sustainability business strategies are expressed as goals and execution plans, which are 

intended to reduce GHG emissions and benefit society.  

Various studies and reports discussed in international forums [3,5,6,11,22,23,27,29,31] have proven 

that government entities have attempted to establish considerations and judgements for mitigating and 

adapting to the challenges of climate change and sustainability. These changes correspond with the societal 

need for a transition to a low-carbon economy and technically feasible, financially feasible and pragmatic 

solutions for reducing GHG emissions, which can be implemented for sustainable development [5–7]. 

To guide the development of this study, a set of 14 critical actions related to climate change and 

sustainability were identified. These corporate strategic actions, which were formulated based on the 

studies and reference documents discussed in this study, are listed as follows: 

(1) Implement a specific and/or specialized section or department to develop projects, programmes 

and management models;  

(2) Promote the discussion of these issues with the organization’s board of directors; 

(3) Obtain a commitment from the organization’s top management team to reduce and compensate 

for GHG emissions;  

(4) Perform GHG emission inventories; 

(5) Promote the publication of GHG emission inventory reports; 

(6) Promote the development and utilization of financial mechanisms for climate change and 

sustainability initiatives; 

(7) Develop CDM projects and participate in domestic and international carbon markets; 

(8) Perform short-, medium-, and long-term risk and opportunity analyses in the context of climate 

change and sustainability agendas; 

(9) Adjust to emergent norms and policies due to climate change and sustainability agendas; 

(10) Promote the development of new businesses and competitiveness strategies;  

(11) Establish activities that reflect acceptable practices in the business environment; 

(12) Promote the development of efficient processes and “green” products; 

(13) Ensure the involvement of stakeholders on issues related to climate change and sustainability; 

(14) Develop a participative, communicative and transparent relationship with stakeholders  

and shareholders. 

These critical actions for corporate climate change and sustainability strategies comprise the 

foundation for constructing the data collection instrument used for the case study. 

4. Objective 

The objective of this study is to identify and analyze the actions and degrees of commitment to 

emissions restrictions by the high-consuming customers [42] of an electric utility in Brazil, which can 

be used to address the challenges of sustainability and climate change. 
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5. Methodology 

The study “Research in sustainability: actions and commitment of large customers of an electricity 

utility company” consisted of the following 4 phases: 

 Scope definition—Diagnosis of the actions and degrees of commitment of customers of an 

electric utility in Brazil based on globally condensed guidelines, which were summarized by the 

14 critical actions. 

 Definition of the research universe and sample—of the 4674 high-consuming customers of the 

Brazilian electricity power company “Light Serviços de Eletricidade S/A”, 162 customers that 

effectively participate in the strategic business cycles promoted by the utility agreed to 

participate in this study. The organization’s selection considered the following criteria:  

(i) medium- and high-voltage energy consumption [43]; (ii) the availability of an updated 

register; (iii) participation by a manager who is knowledgeable about the issues of climate 

change and sustainability; and (iv) voluntary participation in the study. Of the 162 customers,  

86 (53%) customers responded to the survey; they constitute the research sample, which was 

structured by the industrial classifications provided by the utility and the Brazilian Institute of 

Geography and Statistics (Instituto Brasileiro de Geografia e Estatística). The sample was 

composed of the following organizations: 32 Manufacturing Industry companies (mining 

companies, construction companies and factories), 28 Commerce companies (supermarket 

chains, shopping centers, gas stations and service providers); nine Public Organizations 

(government agencies, banks, hospitals, nongovernmental organizations (NGOs) and 

transportation companies), seven Education and Research entities (universities, R&D centers 

and professional training centers), and 10 Tourism, entertainment and culture companies (large 

leisure centers, hotels and radio and television networks). 

 Conception of the data collection instrument—Given the characteristics of the opinion surveys, 

the authors opted for a structured questionnaire composed of 11 central questions (closed and 

nonobligatory), which were carefully designed to reflect adherence to the rules and 

recommendations of international studies and guidelines and the 14 critical actions prioritized in 

Section 3. The adherence of these questions to the critical actions and content is reflected in the 

aggregate summary of answers, which is shown in Table 1. The 11 central questions contain  

13 subquestions, of which eight are include [YES] answers and five include [NO] answers. 

Generally, the questionnaire contains 18 [YES] or [NO] answers and 48 multiple-choice questions.  

 Application of the questionnaire—Prior to distributing the survey questionnaire to the 

participants, an awareness letter (co-signed by the university responsible for this study and the 

electricity utility) was sent to the managements of the participating entities to explain the survey 

context and to request participation by a manager who is knowledgeable of the entity’s actions 

regarding climate change and sustainability. After this step, which ensured the respondent’s 

familiarity with the scope of the survey, the questionnaire was distributed via an online digital 

tool. The questionnaire was available to the respondents during a 60-day period (July–August 2013), 

and the survey coordinator interacted with each respondent via telephone and e-mail. 
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The analysis of the survey results established the basis for (i) the development of an indicator of the 

degree of a participant’s commitment and adherence to the critical actions prioritized in Section 3, (ii) the 

construction of metrics to measure the proposed indicator, (iii) the calculation of GHG emissions 

(CO2eq) from the generation of the electrical energy consumed by the organizations examined in this 

study and (iv) a comparison of the degree of commitment and GHG emissions for each sampled section. 

6. Results and Discussion 

The aggregated results of the survey are shown in Tables 1 and 2, which summarise the answers in 

both absolute (total respondents) and percentage terms. Table 1 displays the 11 central questions, 

corresponding to 13 subquestions with answer options, the critical actions associated with each 

question and the tabulated results. Table 2 displays the six subquestions with multiple answering 

options (a total of 48 questions), the critical actions and the results. In the subsequent section, each 

result is discussed as it relates to international studies and guidelines on sustainability and strategies to 

mitigate and adapt to climate change. 

Table 1. Answers to the 11 questions of the questionnaire and corresponding sub questions. 

Question # 

Reference to 

Critical 

Actions 

Survey questions [“Study in sustainability: 

Actions and commitment of large customers of a 

power utility company”] 

Total 

Answers 

Affirmative 

Answers 

[YES] 

Negative 

Answers 

[NO] 

# (%) # (%) # (%) 

Question #1 # 1 and 2 

Does the organization have a specific division to 

manage sustainability (Su) activities (projects, 

programs) and mitigation/adaption strategies for 

climate change (CC)? 

86 100.0 25 29.0 61 71.0 

1-[NO] Does the organization intend to create such a division? 61 100.0 15 24.5 46 75.5 

1-[NO] 
Are these issues (Su, CC) currently discussed by the Board of 

Directors of the organization? 
61 100.0 8 13.1 53 86.9 

Question #2 # 3, 4 and 5 
Does the organization perform greenhouse effect 

gas (GG) inventories? 
86 100.0 10 11.6 76 88.4 

2-[YES] Does the Organization annually project its GG emissions? 10 100.0 8 80.0 2 20.0 

2-[NO] Does the Organization intend to create GG inventories? 74 97.4 20 27.0 54 73.0 

Question #3 # 6 

Does the organization know about the fiscal/tax 

benefits to stimulate the reduction of greenhouse 

GAS emissions? 

85 99.0 21 24.7 64 75.3 

3-[YES] 
Of the listed options, indicate the fiscal/tax benefits you are aware of:  

(see options in line 3-[YES] of Table 2)    

3-[NO] Are you interested in knowing about these fiscal/tax benefits? 64 100.0 56 87.5 8 12.5 

Question #4 # 7 Does the organization know of the carbon market? 32 37.2 13 40.6 19 59.4 

4-[YES] Indicate any of the listed options applicable (see options in line 4-[YES] of Table 2) 

4-[NO] Are you interested in knowing about this market? 19 100.0 13 68.4 6 31.6 

Question #5 # 8, 9 and 10 

Does the organization perform any periodical 

analysis of Risks/Opportunities created to climate 

change and sustainability? 

25 29.0 7 28.0 18 72.0 

Question #6 # 10 and 13 
Does the organization perceive sustainability as a 

business opportunity? 
84 97.7 76 90.5 8 9.5 
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Table 1. Cont. 

Question # 

Reference to 

Critical 

Actions 

Survey questions [“Study in sustainability: 

Actions and commitment of large customers of a 

power utility company”] 

Total 

Answers 

Affirmative 

Answers 

[YES] 

Negative 

Answers 

[NO] 

# (%) # (%) # (%) 

Question #7 # 10 and 13 
Does the organization perceive Sustainability as a 

competitive business differential? 
86 100.0 82 95.4 4 4.6 

7-[YES] 
Of the options offered, indicate which result from Sustainability strategies; 

(see options in line 7-[YES] of Table 2)     

Question #8 # 11 and 13 
Does the organization develop good Sustainability 

practices? 
86 100 86 100 0 0 

8-[YES] 
Of the options offered, indicate those effectively practiced:  

(see options in line 8-[YES] of Table 2)     

Question #9 # 12 and 13 
Has the organization ever participated in a 

program/competition that rewards sustainability? 
25 29.0 4 16.0 21 84.0 

9-[YES] 
In the context of this initiative, indicate whether the Organization 

has won any prize. 
4 4.6 4 100.0 0 0 

Question #10 # 9 to 13 

Did the organization received any mark of 

conformity or certificate in sustainability and 

energy efficiency? 

86 100.0 13 15.0 73 85.0 

10-[YES] 
Of the listed options, indicate the mark of conformity or 

Certificate received:       

Question #11 # 5 and 14 
Does the organizations publicize its actions 

regarding sustainability and climate change? 
18 20.9 18 100 0 0 

11-[YES] 
Of the options offered, indicate the media utilized:  

(see options in line 11-[YES] of Table 2]       

Table 2. Answers to the questionnaire (multiple options). 

Unfolding of the Survey Questions 

(Multiple Choice options) 

Total 

Answers 
Alternatives of Multiple Options of Answers 

Total 

Answers 

# (%) # % 

3-[YES] 

Of the listed options, 

indicate which fiscal/tax 

benefits may help reduce 

the emission of 

greenhouse gases (GG)? 

20 95.2 

a. access to differentiated financing 13 65 

b. tax reduction 9 45 

c. eligibility for the green market - carbon market 10 50 

4-[YES] 

Of the listed options, 

indicate the company’s 

current participation in  

the carbon market: 

7 53.8 

a. has plans to elaborate a project 5 71.4 

b. has an ongoing CDM project 2 28.6 

c. has already obtained carbon credits (CERs, 

Certificated Emissions) 
1 14.3 

7-[YES] 

Of the listed options, 

indicate which 

contributions result from 

a sustainability strategy: 

82 100.0

a. reduction of fixed costs 64 78.8 

b. commitment from stakeholders and shareholders 30 36.6 

c. strategic and operational efficiency 54 65.8 

d. preference from consumers, suppliers and investors 54 65.8 

e. development of new markets 43 52.4 
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Table 2. Cont. 

Unfolding of the Survey Questions 

(Multiple Choice options) 

Total 

Answers 
Alternatives of Multiple Options of Answers 

Total 

Answers 

# (%) # % 

 
 

  

f. pioneering and anticipation 45 54.8

g. company and product differentiation 57 69.5

h. Branding improvement 22 26.8

i. others 0 0 

8-[YES] 

Of the listed options, 

indicate which 

sustainability activities  

are effectively practiced  

by the organization: 

86 100 

a. selective garbage collection  69 80.2

b. sewage and wastewater treatment 56 65.1

c. generation and/or utilization of renewable energy 25 29.0

d. recycling and reuse of residues 60 69.8

e. energy efficiency and raw materials optimization 36 41.8

f. environmental education 44 51.1

g. capture of rainwater 28 32.6

h. reverse logistics of its products 17 19.8

i. neutralization/compensation of carbon emissions 12 14.0

j. social development programs 43 50.0

k. cultural development programs 31 36.0

l. professional well-being programs 44 51.1

m. others 2 2.3 

10-[YES] 

Of the listed options, 

indicate the seals and 

certificates received for 

sustainability and energy 

efficiency: 

13 15.1 

a. AQUA (High Environmental Quality)—Alta 

Qualidade Ambiental 
0 0 

b. LEED (Leadership in Energy & Environmental 

Design) 
3 23.0

c. PROCEL Edifica (National Program of Energy 

Conservation)—Programa Nacional de 

Conservação de Energia  

1 7.7 

d. Qualiverde 1 7.7 

e. Solar 1 7.7 

f. FSC (Forest Stewardship Council) 4 30.8

g. Casa Azul Caixa 0 0 

h. ISO 14001 1 7.7 

i. others 0 0 

11-[YES] 

Of the options offered, 

indicate the media utilized 

by the organization to 

publicize its sustainability 

and climate change 

activities: 

18 20.9 

a. sustainability report 7 38.9

b. “Carbon Disclosure Project” (CDP) report 0 0 

c. corporate social responsibility report 0 0 

d. corporate annual report 8 44.4

e. GHG emissions public registration (GHG Protocol) 1 5.5 

f. radio 1 5.5 

g. television 1 5.5 

h. specialized journals 4 22.2

i. journalistic and commercial magazines 4 22.2

j. internet 8 44.5

k. others 2 11.1
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6.1. Question-by-Question Analysis of the Answers  

Question #1: Only 29% of the survey respondents indicated the presence of a specific division in 

their organization for addressing climate change and sustainability issues; 25% of the respondents 

indicated plans to implement such a section. Only 47% of the respondents had implemented or 

intended to implement such a division. The boards of directors of 13% of the organisations had 

discussed climate change. These results reinforce the thesis that the challenges imposed on markets, 

public policies and the environment by climate change and sustainability are complex and  

emergent [12,14,19,27]. The development of business strategies to respond to the challenges imposed 

on organizations and markets by climate change requires ample multi-disciplinary knowledge and the 

awareness and commitment by managers [20,39,44]. Organizations that implemented a specific sector 

to develop climate projects, programs and management models discovered that the initiative facilitated 

the integration of actions related to climate change and sustainability, which contributed to decision-making 

processes [45]. Question #1 reflects the conclusions of the recent Global Corporate Sustainability 

Report [46], which was published by the United Nations after gathering the opinions of 1712 organizations 

across 113 countries. The report indicates that 46% of the sampled organizations incorporate 

sustainability into their relevant corporate functions, 90% of the sampled organizations regularly 

discuss sustainability as an agenda and 65% of the policy or strategy evaluations for sustainability are 

performed by the organization’s chief executive officer (CEO).  

Question #2: Only 12% of the respondents performed GHG emission inventories, whereas 80% of 

the respondents performed annual projections of GHG emissions. Of the organizations that did not 

perform GHG emissions inventories, only 20% of the organizations intended to perform inventories in 

the near future. Annual projected GHG emission inventories are essential to the search for 

sustainability and to the development of corporate strategies to mitigate and adapt to climate  

change [12,14,33,34]. Considering the urgency to reduce GHG emissions that was established by 

international guidelines [2–4,11,22,23,29], the minimal degree of commitment to quantifying and 

mitigating GHG emissions as revealed by the survey is problematic compared with similar studies [14,44]. 

This finding indicates a strong global trend towards the incorporation of sustainability and climate 

change into the strategies of organizations. These results indicate a lack of alignment and adherence to 

Brazilian climate change policy by these companies. However, they also explain why emissions from 

electricity generation in Brazil increased from 20% (2005) to 39% (2010). GHG emissions can be 

reported by an organization in several ways. To ensure a clear position relative to the market and 

Brazilian climate change policy, an organization must use metrics and reliability calculations based on 

internationally accepted standards. Guidelines for categorizing relevant emission sources and metrics 

for quantifying GHG emissions are available on the web pages of various international organizations 

(e.g., World Resources Institute (WRI), World Business Council for Sustainable Development 

(WBCSD), and Greenhouse Gas Protocol (GGP)).  

Question #3: Although 99% of the organizations answered the question regarding the fiscal/tax 

incentives for reducing GHG emissions, only 25% of the organizations were familiar with these 

incentives. Sixty-five percent of these groups reported knowledge of the differentiated financial lines 

available in Brazil (BNDES, CEF, BB) [47], 45% of the groups were familiar with tax reduction 

programs (ITBI, ISS, IPTU, IPI e ICMS) [48], and 50% of the groups were familiar with the green 
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market (carbon credit market) eligibility criteria. Eighty-eight percent of the organizations that were 

unfamiliar with the available fiscal benefits expressed an interest in learning about them. Their lack of 

knowledge about the fiscal incentives for reducing GHG emissions in Brazil is problematic as these 

incentives are important mechanisms for establishing technically and financially feasible solutions that 

may contribute to a low-carbon economy. These mechanisms create the necessary financial conditions 

for organizations to respond and adapt to the risks and threats of climate change [27,35]. They also 

guide investment alternatives to priority areas, which ensure that the management and objectives of an 

organization are integrated with the goals of the Brazilian climate policy and the guidelines 

recommended by international organizations. [11,12,14,23,33,44]. However, the lack of attention 

given to these benefits suggests either a corporate culture that lacks knowledge of the potential 

advantages via improved branding and competitive positioning or an inefficient concession mechanism.  

Question #4: Only 37% of the participating organizations responded regarding their knowledge 

about the carbon market; 41% of these groups were aware of the carbon market. Of the organizations 

that were aware of the carbon market, 71% had plans to develop a CDM project, 27% had on-going 

CDM projects and 14% already possessed carbon credit certificates. For the organizations unaware of 

the carbon market, 68% demonstrated an interest in learning about it. The global carbon market assists 

with projects aimed at reducing the GHG emissions of different industries [11,24,49]. Brazil has the 

third-highest number of CDM projects for any country [49]; this result reflects an incipient action 

towards international goals. The development of CDM projects facilitates the development of a low-carbon 

economy by generating carbon credits or a culture and knowledge for managing the GHG emissions of 

an organization [11,14,33,34,44,49].  

Question #5: A small percentage of the organizations—29%—responded to this question, which 

inquires about any periodical risk/opportunity analyses performed with regard to climate change and 

sustainability. Only 28% of the participants responded positively. The performance of risk and 

opportunity analyses related to climate change and sustainability exhibits different short-, medium- and 

long-term impacts [27,44]. These analyses contribute to the planning and image of an organization in 

the market, provide information to the government about emerging public incentive policies, expose an 

organization’s vulnerabilities to risks and threats and stimulate the development of strategies for 

adapting to climate change [27,31,44]. These analyses also contribute to organizational learning, as 

comprehension of the local specificities strengthens the organizational capacity to anticipate and 

minimize future risks [12,14,44]. However, these results require effective stakeholder involvement 

when addressing global and local issues and searching for innovative solutions using a scientific 

knowledge of probabilities and reactive thresholds rather than previous statistical data. Potential risks 

and opportunities must be identified to comprehend current and future GHG emissions in the context 

of a society and economy that are constrained by current and future carbon restrictions. The lack of 

habitual risk and opportunity analyses of climate change and sustainability threats suggests that these 

issues have not been incorporated into the business strategies of these companies, which exposes them 

to economic, physical and regulatory risks that can negatively impact their image. A Carbon [50] 

Disclosure Capture study gathered opinions and intentions from 379 organizations in different 

industries [14], which represented the interests of 655 investors, each of which had amassed wealth in 

the amount of US$ 78 trillion. The study results indicated that 81% of the organizations were aware of 

the physical risks associated with climate change in their business environments. Specifically, 83% of 



Sustainability 2014, 6 6388 

 

 

the organizations were aware of the regulatory risks and 63% of the organizations were aware of risks 

associated with reputation and consumer behavior. The survey also revealed that 64% of the 

respondents were aware of the opportunities associated with the physical consequences of climate 

change, 80% of the respondents were aware of the regulatory consequences of climate change and 

68% of the respondents were aware of the consequences of climate change associated with reputation 

and consumer behavior.  

Question #6: This question garnered a high degree of participation (98%), with 91% of the 

respondents perceiving sustainability as a business opportunity. Although it is commendable that the 

majority of organizations view sustainability as an effective business opportunity (and not solely as an 

additional cost), this finding is only the first step towards the development of new values, products, 

processes, relationships and markets. Considering sustainability in the business world prompts an 

extensive learning cycle, in which nontraditional questions with nontrivial answers establish new 

challenges and game rules [12,39]. During this extensive learning cycle, the following questions are 

highlighted: What products will be successful in a GHG-emission-restricted market? How can 

research, development and innovation be directed to address the challenging demands of sustainability 

and climate change? How can stakeholders be clearly and transparently informed? Which creative and 

conscious criteria signal the selection of low-impact raw materials and renewable energy alternatives? 

How can an organization contribute to the re-evaluation of society’s consumptive behaviors via green 

products and technologies? 

Question #7: Amongst the respondents that answered this question, which inquires whether an 

organization perceives sustainability as a competitive differential, 95% of the respondents answered 

positively. In the unfolding questions, 79% of the respondents considered sustainability strategies to 

reduce fixed costs; 37% of the respondents considered stakeholder and shareholder involvement; 66% 

of the respondents considered sustainability to be strategic and operationally efficient; 66% of the 

respondents considered the preferences of consumers, suppliers or investors; 52% of the respondents 

identified an opportunity to develop new markets; 55% of the respondents considered sustainability to 

be a pioneering and anticipation action; 70% of the respondents considered sustainability to be a 

strategy that differentiated the organization, its products and services; and 27% of the respondents 

identified an opportunity for brand improvement. The understanding that sustainability may be a 

competitive differential encourages the adoption of green branding and the creation and exploitation of 

emerging opportunities [14,16–18,20,33]. While searching for this differential, an organization must 

identify the best practices for and solutions to climate change and sustainability to evaluate its 

exposure to GHG emission restrictions and comprehend how these factors affect its market position. 

Organizations must consider their GHG emissions profile relative to their market peers and other 

industries, potentially relevant future regulatory developments, the cost trends of raw materials and 

potential changes in customer preferences [12,27,51]. The declaration by the majority of companies 

(91%) that sustainability is a business opportunity and a competitive differential indicates a consensus 

on the need to prioritize a sustainability agenda.  

Question #8: All respondents identified acceptable sustainability practices in their organizations. 

Eighty percent of the respondents reported selective garbage collection; 65% of the respondents 

reported sewage and wastewater treatment; 29% of the respondents reported the generation and/or 

utilization of renewable energy; 70% of the respondents reported the recycling and reuse of residues; 
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42% of the respondents reported energy efficiency and raw material optimization; 51% of the 

respondents reported environmental education; 33% of the respondents reported rainwater collection; 

20% of the respondents reported reverse logistics for their products; 14% of the respondents reported 

the neutralization and/or compensation of carbon emissions; 50% of the respondents reported social 

development programs; 36% of the respondents reported cultural development programs; 51% of the 

respondents reported professional well-being programs and 2% of the respondents reported other 

reasons (options not listed in the questionnaire). Based on the studies cited in this paper, the listed 

activities reflect a set of challenges that climate change and sustainability have imposed on the basic 

operations of an organization, which indicates the best business practices and identifies the degree of 

commitment and integration of these issues into daily actions. These activities also contribute to a 

stakeholder’s awareness of and involvement in the well-being of the local community, the preservation 

of the ecosystem’s resources and the sustainability of the organization [12,52,53].  

Question #9: Only 25 (29%) of the 86 entities surveyed answered this question, which inquires 

about participation in any program/competition that awards sustainability. Of the four organizations 

that responded positively, each organization declared that it had received an award. Participation in 

awards programs is considered to be a healthy and motivation-inducing practice. Participation 

stimulates stakeholder involvement in an organizations’ challenges and achievements; facilitates 

access to the multi-discipline evaluation of their sustainability and climate change activities, actions, 

products and processes; increases an organization’s exposure to the judgment and criticism of external 

evaluators from different areas and provides access to strategic financial benefits and the conquest of 

market leadership awards. 

Question #10: Only 15% of the respondents who answered this question reported that they received 

sustainability and energy efficiency certificates. Sustainability and energy efficiency certificates 

contribute to the credibility and competitive position of an organization in the green market [12,52,54]. 

The attainment of these certificates informs the market that an organization satisfies a set of national 

and international norms and guidelines that advocate an efficient, reliable and clean use of raw 

materials, residues, products, and processes. These certificates facilitate market negotiations and 

facilitate the transfer of knowledge and technologies [52]. 

Question #11: Only 21% of the respondents publicize their actions on sustainability and climate 

change via different communication tools. None of the respondents selected the options “Carbon 

Disclosure Project” report or “corporate social responsibility report”. The dissemination of knowledge 

and the publication of sustainability and GHG emission reports contribute to the participatory, 

communicative and transparent relationship between stakeholders and shareholders [14,55]. These 

reports help organizations to establish actions, goals, metrics, indicators and management models for 

sustainability and climate change, which improves the efficacy of their operations [33,34,44]. The 

reports collaborate to improve the comprehension of an organization’s strategic development and 

planning and provide valuable information that is accessible and comparable, which helps stakeholders 

to make decisions [12,55]. For these reasons, the impact of an organization’s actions and strategies for 

mitigating and adapting to climate change in the environment, economy and society should be publicized.  
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6.2. Sectoral Analysis and Degree of Commitment 

The degree of commitment to emissions restrictions exhibited by the participating organizations 

with regard to the international guidelines that define sustainable actions and strategies for mitigating 

and adapting to climate change, which were summarized by the 14 critical actions listed in Section 3, 

was evaluated based on the proposed indicator of commitment (IC) and metrics [28]. 

6.2.1. Proposed CI and Metrics 

The CI (commitment index), which is defined by Equation (1), counts the total number of [YES] 

answers (Table 1) and questions (Table 2) selected by the respondents. 

	 %) = 	 12 	 1 + 1 × 100 (1) 

where N is the total number of entities that participated in the survey, DY is the total number of [YES] 

answers required for the maximum score, DM is the total number of questions required for the 

maximum score, YN is the score for each [YES] answer, MM is the score for each multiple-choice 

question and n and m represent the indices of the summation operator (which counts the [YES] 

answers for the 18 [YES] or [NO] and 48 multiple-choice questions in the questionnaire). 

Due to the structure of the questionnaire, which redirects respondents to the [YES] or [NO] 

responses to the 11 primary questions (Table 1), the metrics calculate the total number of selected 

positive options. This score establishes the adherence of the participating organization to the critical 

questions on which the questionnaire is based. Therefore, to prevent duplicate scoring, 11 of 18 [YES] 

alternatives define the maximum score for any respondent. Similarly, a total of 23 of 48 possible 

multiple-choice answers (refer to Table 2) is the maximum score for these questions, which adapts the 

answer options to the profile of each economic sector (i.e., it is unreasonable to ask a company with 

low electrical usage if it employs renewable energy generation when the investment cost/benefit is 

unattractive; it is also unreasonable to ask a service provider about wastewater treatment and/or reverse 

logistics if manufacturing is not performed). Once these restrictions on the CI are introduced to the 

proposed model, the parameters of the [YES] or [NO] and multiple-choice questions possess the 

following values: DY = 11 and DM = 23. In other words, the proposed CI formulation incorporates 

some sort of weighting system to compensate for sectoral and size differences amongst respondent 

categories allowing this composite CI approach to capture what a quick perusal of the responses over 

all 18 action categories readily reveals. 

Thus, Equation (1) can be used to calculate the degree of commitment to emissions restrictions CI 

for the following three situations: (i) each participating organization (N = 1); (ii) each economic sector 

to which the organizations belong (N denotes the total of all participants that belong to a certain sector) 

and (iii) the entire sample of 86 participants (N = 86).  

6.2.2. Statistics 

Figure 1 summarizes the performed statistical analyses. Although the sample mean value (0.432) of 

the commitment index (CI) for emissions restrictions is close to the median value (0.409)—which 



Sustainability 2014, 6 6391 

 

 

suggests a symmetric distribution—the Chi-square hypothesis test ( ) performed at a confidence 

level of 99% (significance level of 1%) confirms that the actual data exhibits a Beta distribution with 

the parameters α = 2.67 and β = 3.52. This distribution enables the definition of distinct groupings in 

terms of the corresponding percentiles (25%, 50%, 75% and 100%) of the sample, i.e.,: EXCELLENT:  

CI ≥ 74% for organizations that responded [YES] in the 74%–100% assertiveness range; GOOD:  

50% < CI < 74%; AVERAGE (around average): 33% ≤ CI ≤ 50% and POOR: CI < 33% for data below 

a minimum of 33% adherence to the critical questions associated with emissions restrictions.  

A database based on the individual value of the CI (%) calculated for each participating organisation  

(N = 1) was created for the statistical analyses.  

Figure 1. Statistical framework that supports the categorization of classes of CIs. 

 

The proposed metric, as shown in Equation (1), was used as a reference to calculate the degree of 

commitment to emissions restrictions (CI index) for the entire sample (N = 86) based on the data in 

Tables 1 and 2, which summarise the respondents’ answers to each question. The degree of 

commitment was recalculated for each class according to the 5 economic sectors previously mentioned 

in this study; i.e., manufacturing (N = 32 companies); commerce (N = 28 companies); public 

organizations (N = 9 companies); education and research (N = 7 companies) and tourism, 

entertainment and culture (N = 10 companies). By calculating each of these segments of the total 

sample and counting the [YES] (shown in Table 1) and multiple-choice answers (shown in Table 2), 

the degree of commitment CI was calculated for each economic sector.  

The results are shown on the left side of Table 3, which compares the specificities for the different 

economic sectors and classifies the participants according to the adopted Excellent-Good-Average-Poor scale. 
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Table 3. Degree of commitment classified by sector and total GHG emissions (t CO2eq). 

Energy consumers 
classified by type of 

industry (sector) 

Indicator of Commitment to international Guides (IC) 
Energy  

consuming unit 
(*) Average annual 

equivalent GHG emission 

MEAN 
(%) 

TOTAL EXCELLENT GOOD AVERAGE POOR
by Sector 
(MWh) 

by 
consuming 

unit (MWh)

by 
industry 
CO2eq) 

by consuming 
unit (tCO2eq) 

Education & Research 46.9 7 1 1 2 3 102,482 14,640.3 10,453 1493.3 

Manufacturing 
(Industry) 

45.2 32 2 7 17 6 167,368 5,230.3 17,071 533,5 

Public Organizations 43.5 9 1 1 4 3 235,298 26,144.2 24,000 2666.7 

Commerce 43.2 28 1 5 17 5 97,505 3482.3 9945 3552 

Entertainment/ 
Culture/Tourism 

34.6 10 1 0 2 7 25,802 2580.2 2632 2632 

All Economic Sectors 43.2 86 6 14 42 24 628,445 7307.5 64,101 7454 

(*) Emissions of equivalent volumes of GHG, which derive from the generation of the energy consumed from September 2012 to August 2013, were calculated using a 

conversion factor (annual average) of 0.102 tCO2eq/MWh. The Brazilian Ministry of Science, Technology and Innovation publishes the applicable conversion factor each 

month. Source: [56].  
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6.2.3. Assessment of the Level of Carbon Dioxide Emissions and Discussion  

This study also considered the electrical energy consumption of each participating organization 

(aggregated by sector), which can be translated into the average annual carbon dioxide emissions 

equivalent (tCO2eq). To provide more information on this analysis, these data were included in Table 3, 

which enabled the degree of commitment CI to be compared to the annual average electricity 

consumption (MWh) and the total GHG emissions (tCO2eq), which were based on the electrical 

consumption by the survey participants. The global analysis of the study results are summarized as follows: 

 The descriptive statistics for the entire sample (N = 86) revealed the following average degree of 

commitment: = 0.432 (standard deviation: = 0.185). Therefore, the entire sample fell 

into the Average quartile, i.e., (33% ≤ CI < 50%). The same results apply to each of the sectors, 

with all samples falling into the Average quartile.  

 The average annual GHG emissions from the generation of the energy consumed by the survey 

participants indicated that Public Organizations emitted 9.1-fold more GHGs than the Entertainment, 

Culture and Tourism sector, 2.3-fold more GHGs than the Education & Research sector and  

1.4-fold more GHGs than the Manufacturing industry. As the majority of participating 

organizations (88.4%) do not inventory their GHG emissions and none created “Carbon 

Disclosure Project” reports (sub question b of question #11), a comparative analysis between the 

“Carbon Footprint” [42] of each sector and the degree of commitment to emissions restrictions 

 was not feasible. 

 Regarding renewable energy usage as an efficient GHG emission reduction strategy (sub 

question c of question #8), the sector that consumed the second-highest amount of electricity 

(manufacturing) was the least committed to using alternative energy (16%). The next highest 

consumers included Commerce (29%), Public Organizations (44%), Education & Research 

(43%) and Entertainment, Culture & Tourism (50%). 

 Actions to increase energy efficiency (sub question e of question #8) were led by Education & 

Research (57%), followed by Commerce (43%), Manufacturing (41%), Entertainment, Culture 

& Tourism (40%) and Public Organizations (33%). 

 Public Organizations answered the most positively with regard to the neutralization or 

compensation for carbon emissions (22%, sub question i of question #8), followed by 

Manufacturing (19%), Education & Research (14%); Commerce (7%) and Entertainment, 

Culture & Tourism (10%). 

 Sustainability and energy efficiency certificates (question #10) were most pursued by Public 

Organizations (29%), followed by Commerce (28%), Manufacturing (13%) and Education & 

Research (11%); however, they were not a priority for the Entertainment, Culture & Tourism 

sector. The international LEED building mark of conformity and certification that supports an 

environmental orientation system, which is considered by organizations in 143 countries to be a 

strategy for encouraging projects, constructions and building operations that focus on 

sustainability, was only prioritized by 3% of the respondents in Manufacturing and 7% of the 

respondents in Commerce. The certification required to obtain the PROCEL Edifica Certificate 

was also of minimal interest to the respondents; this certificate had been obtained by only 3% of 
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the participants in Manufacturing. The Solar certificate and its mark of conformity were only 

obtained by 14% of the Education and Research participants and 7% of the Commerce participants. 

These analytical results revealed that only six of the 86 participating organizations achieved an 

Excellent degree of commitment to emissions restrictions (two Manufacturing companies that 

specifically handle mineral extraction and commercialization; one wood commercialization company; 

one Public Organisation in the area of urban public transportation; one participant in Education and 

Research, which is prominent in this field, and one participant in Entertainment, Culture and Tourism). 

The remainder of the results are as follows: 14 organizations scored a Good degree of commitment,  

42 organizations scored an Average degree of commitment and 24 organizations scored a Poor degree 

of commitment. The recent CGS (2013) study indicated that large global organizations lead the 

commitment to sustainability. The CGS study emphasized that the primary barriers to developing 

successful sustainability strategies by small- and medium-size organizations include a lack of 

investments and the specialized knowledge about these critical issues. 

The study utility supplies 31 municipalities in the State of Rio de Janeiro (the city of Rio de Janeiro, 

the Baixada Fluminense—part of the metropolitan area—and the Paraiba River Valley). Regardless of 

the sample size, which was conveniently classified by the consumer unit class, the utility serves 

approximately 4.1 million consumers, which represents 68% of the population and 66% of the gross 

internal product for the State of Rio de Janeiro. The electricity power company adopted a new 

initiative in 2012, which is committed to the Global Pact and included sustainability as one of the 

priorities of its strategic plan. As demonstrated by this study, this initiative has not yet affected its 

customers. Although this company penetrates all segments of society in the State of Rio de Janeiro, 

institutional or governmental policies that support mechanisms for inducing a proactive culture, in 

which customers are motivated to reduce the GHG emissions of their energy usage, are non-existent. 

By affirming this belief, the utility company strategically positions itself to imprint institutional action 

to rethink productive activities in the context of sustainability and to adopt a more conscious posture 

regarding the risks and threats of climate change. 

7. Conclusions and Policy Implications 

Even though some knowledge about the response of firms in advanced economies to climate change 

are described in the literature [57–59], very little is known about organizations in developing and 

emerging economies that, certainly, also have a huge and growing impact on the environment. The 

considerations that were obtained from the survey results associated with this complex subject were 

obtained from the survey results were detailed for a representative sample of high-consuming 

customers (classified by economic sector) of an electricity power company. With the exception of a 

few outliers, the average degree of commitment ( = 0.432)	for the participants was ranked 

Average, which indicates the incipience of proactive GHG strategies (less than 7% of the participants 

fell within the Excellent category) in response to the guidelines established by the Brazilian Climate 

Change Policy. There are very few firms who’ve done much. And the “average” degree of engagement 

seems to be very low and most likely has little effect on the overall GHG emissions. 

The survey reveals a low commitment to the guidelines of the Brazilian Climate Change Policy. 

Brazil has not enacted specific regulations to mitigate the GHG emissions associated with the 
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generation of electricity; this finding is certainly a matter of concern due to the size and the regional 

influence of the country to the global climate change. Therefore, the survey indicates the need for a 

proactive attitude towards the mitigation and adaptation to climate change in the context of sustainable 

development strategies. Specifically, the survey indicates the need for realignment with new methods 

that address the risks, threats, uncertainties and complexities of the undesired impacts of climate 

change. Although Brazil lacks specific legislation to isolate the production of electricity from its 

negative impact on the environment, the recent (2012) initiative of the regulatory agency is 

encouraging. Aneel (Brazilian Electricity Regulatory Agency) Resolutions 414 and 415 stimulate solar 

electricity generation through an 80% rate discount (until 2017) for the use of the solar electricity 

distribution and transmission systems (the discount will be reduced to 50% after 2017).  

Although this impact will occur on different levels and time scales, everyone, regardless of his/her 

degree of awareness, will be affected by the global climate change phenomenon. Only a global effort 

with unrestrictive adherence by various nations will enable a GHG emission control plan to transition 

from the current conformity to non-polluting policies with conscious markets, manufacturing modes 

and relationships. The competitive advantages of these organizations must be globally reorganized 

with regard to current environmental issues and as a safeguard to climate change mitigation and 

adaptation. As recently mentioned in the Global Corporate Sustainability Report, which was published 

by the United Nations [46], although organizations declare a desire to incorporate actions that 

prioritize sustainability, mitigation and adaption to climate change in their corporate strategies, these 

initiatives only produce long-term results. 

The measured low commitment to emissions restrictions of large users of electricity certainly calls 

for further attention to the more general context in which firms act to reduce their GHG footprints. 

Individual firms can only go so far in cutting emissions via efficiency measures or technological 

change. Power companies, on the other hand can act more centrally to lessen dependence on coal and 

fossil fuels more generally, even without fostering intra-firm change. In the case of Brazil, moreover, 

the contribution of hydropower and other renewables is already unusually high so further increments 

of improvement may have diminishing effect. The transport sector is surely a prime target for further 

national/global gain given a relatively slow pace of hybrid adoption and continuing reliance on 

gasoline and ethanol, not to forget the complexities associated with the latter when land use, food 

production and the net-negative energy effects have to be taken into account. The incisive reduction in 

GHG emissions proposed by the 2013 Report of the IPCC is linked to a review of the historical 

responsibilities of nations for different degrees of development. Each agent, regardless of size, belief 

or economic and social activities, is responsible for exploring opportunities to develop strategies 

towards development and participation in the global environment.  
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