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Abstract 

 

Canada’s renewable energy sector is undergoing major growth – growth that will require new 

infrastructure to aid production and distribution. Energy transition is a complex process and 

knowledge gaps remain about the environmental and social impacts of renewable energy systems 

and how best to manage them. There has been limited research about renewable energy systems’ 

impacts when compared with fossil fuel energy systems. Renewable energy projects are often met 

by concerns about impacts and uncertain impact management, project developers, regulators, 

communities, and interest groups need to understand the potential adverse impacts and risks of 

renewable energy projects before such project are approved, as well as how best to manage those 

impacts.  

The purpose of this research is to improve the current understanding about the environmental and 

social impacts of renewable energy projects and their mitigation solutions. Attention is focused on 

the wind energy sector in western Canada. The Methodology consisted of a in depth document 

analysis of regulatory impact assessments in western Canada.   

The results demonstrated that environmental impacts and mitigation solution for those impacts are 

identified at a higher rate when compared to human impacts and related mitigation actions. 

Mitigation actions addressing biophysical impacts were greater in comparison with human impacts 

with ratios of 1:4.3 and 1:1.3 respectively. The difference in addressing environmental and human 

impacts were also noted during the migration hierarchy and specificity analyses. The research also 

identified the information presented on IAs varies considerably in regard to availability, 

accessibility and organization, which later contributes to the discussion of the lack of information 

sharing between project’s stakeholders. Addressing the issues discussed in this thesis could 

contribute to increasing the efficiency and efficacy of impact assessments. This research provided 

ways to possibly address the identified issues.   

Keywords: Impact Assessment, Wind Energy, Western Canada 

 

 

 

 



 

 

iii 

 

Acknowledgments 

 

 

First, what a crazy year and a half. When I started doing my thesis, I would never imagine that 

more than half would be done through a pandemic. I had no idea what a lockdown was or how it 

could affect my productivity and my mental health. 2020 had so many challenges. There were 

moments I thought I would not be able to finish but, I did! I am beyond grateful for the amazing 

support I received and the incredible people that walked by my side during this time.  

 

I would like to thank my supervisor prof. Bram Noble for all the support, lessons, and shared 

knowledge during these last two years. For keeping my focus on what I am doing and not 

drifting around all other topics related to my thesis and, of course, for the encouraging emails 

and jokes. I would like to thank Prof. Greg Poelzer for the long zoom meetings, suggestions, all 

the help you offered me and especially for showing how much you believed I was doing a great 

thesis even when I did not see it that way. I am beyond grateful and extremely lucky to have had 

you both guiding me on this path. I would like to thank my co-supervisor prof. Kevin Hanna for 

the suggestions and insights and Phyllis Baynes for all support and help.  

 

I would like to thank my family in Brazil for being so amazing and encourage all my dreams 

even if it means I would be gone for more than three years. Thanks, Mom and Dad for reminding 

me that I was not raised to sit around and watch life go by. Thanks, my two little brothers 

(Gabriel and Lucas) for making sure I was present in each family event through video calls or 

pictures.  I was lucky to build my own family here in Canada. Thanks, Jared, for being the best 

partner and helping me so much with everything I needed to do my thesis. Little Meryl, it would 

not be the same without your uncountable cups of coffee and hugs. Thanks, Sammy, for always 

being here with me.  

 

Finally, I would like to thank the University of Saskatchewan and the Department of Geography 

and planning for giving me this opportunity.  

 

 



 

 

iv 

 

 

Dedication 

To my grandfathers. I miss you truly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

v 

 

TABLE OF CONTENTS 

 

PERMISSION TO USE……………….…………….…………………………….……………..i 

ABSTRACT…………………………………………………………………...…………...…….ii 

ACKNOWLEDGEMENTS……………………….………………………..….………….……iii 

DEDICATION…………………………………………………………..………...…………….iv 

TABLE OF CONTENTS………………..…………………………….………………………...v 

LIST OF TABLES…………………………………………………….…………….….……….vi  

LIST OF FIGURES…………………….………………………..……….….………………...viii 

LIST OF ABBREVIATIONS…………………………………….…………………………….ix 

CHAPTER 1 INTRODUCTION…………………………………………..…………………....1  

1.1 Purpose and Objectives……………………………………….……..………………...2 

1.2 Thesis Format ………………………….……………..……………………………….3 

CHAPTER 2 APPLIED AND SCHOLARLY CONTEXT........................................................4 

2.1 Canada's Renewable Energy Transition……………..………………….….…………4 

2.2 Managing the Impacts of  Renewable Energy Projects……….………………………6 

2.2.1 Role of  Impact Assessment………...………………….…..………….…….7 

2.3 Supporting  Renewable Energy Transition…………………………..…………..……9  

CHAPTER 3 RESEARCH METHODS………………...…….…………………………...….11 

3.1 Canada's Wind Energy Sector......................................................................................11 

3.2 Impact Assessment for Wind Energy Projects.............................................................13 

3.3 Data Collection and Analysis.......................................................................................15 

3.4 Limitations………………….......................................................................................19 

CHAPTER 4 RESULTS……………….……………….……………..………………………..20 

4.1 Availability and Accessibility of Information on Impact Statements…….............….20 

4.2 Impacts and Mitigation's Actions - How they are Presented in Impact 

Statements………………………………………………………………………………..21 

4.3 Impacts and Mitigation Actions: Biophysical and Human…….............................….22 

4.4 Mitigations Actions: Hierarchy and Specificity…….............……………………… 26 

4.4.1 Mitigation Hierarchy and Specificity of Mitigation…….........................….27  

4.4.2 Most Common Impacts and Most Common Mitigation Actions……..…….28 



 

 

vi 

 

CHAPTER 5 DISCUSSION……………………………………………..………….......……..31 

5.1 Shifting Attention to Impacts on the Human Environment………………….………31 

5.2 Improving the Clarity of Mitigations Actions……………..………………….……..33 

5.3 Implications for the Mitigation Hierarchy………………….……………….……….34 

CHAPTER 6 CONCLUSION……………………………………………………….....………36 

REFERENCES………………………………………………………………………………….40 

APPENDIX A.1 …………….………………………………………………...……………...…52 

APPENDIX A.2 ………………………………………………………………..……………….57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

vii 

 

 

LIST OF TABLES 

 

Table 3.1: Renewable energy (electrical generation) and wind energy capacity, 2018…………12 

Table 3.2: Electricity consumption in western Canada by sector, 2017…………………………13 

Table 3.3: Impact assessment legislation and requirements for wind energy in western Canada..15 

Table 3.4. Sample of 12 wind energy project IAs selected for analysis…………………………16 

Table 3.5 Illustrative example of organization and classification of information extracted from     

IA reports………………………………………………………………………………………...17                                    

Table 4.1: Example of impact statements and mitigation actions……………………………….21  

Table 4.2 Biophysical mitigation actions classified by mitigation hierarchy and mitigation 

specificity………………………………………………………………………………………...27                                       

Table 4.3 Human mitigation actions classified by mitigation hierarchy and mitigation  

specificity………………………………………………………………………………………...28            

Table 4.4 - Most common impacts with most common mitigation actions – Biophysical  

category…………………………………………………………………………………………..29                                                                                                                                       

Table 4.5 - Most common impacts with most common mitigation actions – Human 

Category………………………………………………………………………………………….30  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

viii 

 

LIST OF FIGURES 

 

Figure 2.1. Impact mitigation hierarchy……………………………………………………….….8 

Figure 4.1– Distribution of impacts identified (biophysical and human) by project phase across 

the sample of IAs………………………………………………………………………………...22 

Figure 4.2 - Percentage of biophysical and human impacts across the sample of IAs…………..23 

Figure 4.3 – Percentage of impacts by each human subcategory across the sample of IAs……..24 

Figure 4.4 – Percentage of human impacts with and without mitigation action across the sample 

of IAs…………………………………………………………………………………………….24 

Figure 4.5 – Percentage of biophysical impacts with and without mitigation action across the 

sample of IAs…………………………………………………………………………………….25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ix 

 

LIST OF ABBREVIATIONS 

 

CANWEA – Canadian Wind Energy Association  

CER - Canada Energy Regulator  

CO2 - Carbon-dioxide  

EIA - Environmental Impact Assessment                                                                                               

GHG - Greenhouse Emissions                                                                                                              

HIA - Health Impact Assessment                                                                                                               

IA - Impact assessment                                                                                                                         

IAA - Impact Assessment Act                                                                                                                

IAIA - International Association for Impact Assessment                                                                         

IEA - International Energy Agency                                                                                                                                                                                                                                              

NEB - National Energy Board                                                                                                             

NRC - National Resource Council Canada                                                                                            

SA - Sustainability Assessment                                                                                                              

SEA - Strategic Environmental Assessment                                                                                        

SIA - Social Impact Assessment                                                                                                      

VCs - Valued Components  

 

 

 

 

 

 

 

 

 



 

 

1 

 

Chapter 1 

Introduction 

 

 

 

In 2015, under the Paris Agreement, Canada committed to reduce its greenhouse gas emissions 

(GHG) to 40-45 percent below emission levels from 2005 by 2030 (Government of Canada, 

2021a). The reduction of GHGs is also one of the goals established in the Pan Canadian 

Framework on clean growth and climate change, a plan developed to address clime change 

issues and create a low-carbon future (Government of Canada, 2016b). The energy sector will 

play an important role in Canada meeting its commitments (Poelzer et al., 2016). The Canadian 

electricity system is currently 80% non-emitting sources (Government of Canada, 2017). 

However, electricity generation is still the fourth-largest source of GHG emissions in Canada 

(Government of Canada, 2018). Increased investments in renewable energy are one way to 

further reduce emissions (Government of Canada, 2018; Poelzer et al., 2016), but renewable 

energy transition will require new infrastructure for generation and distribution (Bataille et al., 

2015) and may generate adverse environmental and social impacts (Klugmann-Radziemska, 

2014; Saidur et al., 2011) that are quite different from the relatively well-known impacts of fossil 

fuel energy projects (Hanna et al., 2016).  

 

Renewable energy is broadly defined as energy from a natural source that is replenished at the 

same rate it is consumed, or faster (Aklin & Uperlainen, 2018; CER, 2021). There are many 

sources of renewable energy such as solar, wind, hydropower, geothermal, ocean resources 

(thermal energy and wave power), biofuels, solid biomass, and biogas (CER, 2018). Renewable 

energy sources are at the center of the transition to a low carbon system, and renewable energy 

investment has grown considerably in recent years. Although renewable sources are an 

alternative to traditional fossil fuel energy sources and an important tool to reduce GHG 

emissions, renewable energy projects are not impact free (Huang, 2010; Patel & Shrivastava, 

2009). For example, small scale hydro projects can cause impacts in aquatic environments, such 

as interfering with water flow, introducing added sediments to water streams, and affecting fish 

migration and health (Hanna et al., 2019). Saidur et al. (2011) discuss the impacts of wind energy 

projects to wildlife, including habitat fragmentation and increased mortality of birds and bats. 
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Wassie and Adaramole (2019) argue that biomass projects in East Africa have contributed to 

forest degradation and deforestation. Such biophysical impacts are not the only concerns 

regarding renewable energy projects; a variety of social and economics impacts have also been 

identified. Noise impacts, affecting human health, specifically sleep disruption, impacts on 

tourism and recreation activities, impacts of property values and viewscapes, and disruptions to 

land use are among the types of social and economic impacts that have been identified in a 

variety of wind energy project assessments globally (Dutta et al., 2021; Gardner et al., 2015; 

Hanna et al., 2019; Klugmann-Radziemska, 2014; Nissenbaum et al., 2012; Purvins et al., 2011; 

Rogers et al., 2012; Saidur et al., 2011; Szpak, 2019; Wassie & Adaramola, 2019).  

 

Impact assessment (IA) is the main regulatory tool used to identify, assess, and manage the 

impacts of development projects, including the impacts of renewable energy projects. (Cashmore 

et al., 2004, Hanna et al., 2019; Noble, 2017). However, there has been only limited analysis of 

the impacts of renewable energy projects in Canada (Hanna et al., 2016) and of the potential 

mitigation strategies to support IA applications for renewable energy projects (Hanna at el., 

2016; SSHRC, 2017; Poelzer et al., 2016). Identifying and understanding the environmental, 

social, and economic impacts of renewable energy projects is necessary to develop the necessary 

mitigation actions and policies to address known impacts, and thus facilitate project design, IA 

scope, and the decision-making process. Singh et al. (2018) explains that practitioners, the 

public, and decision-makers rely on IA to provide information about a project’s impacts, and 

management solutions. The quality and nature of the information provided by the IA process 

influences the perception, policies and decisions of all stakeholders involved; and thus the 

availability and accuracy of the information provided by IA plays an important role in the 

decision support system (Leung et al., 2016). At the same time, however, IA is often criticized 

for its process inefficiencies, and a lack of sharing of lessons from practice (Dutta et al., 2021; 

Udofia et al., 2016; Singh et al., 2018).  

 

1.1 Purpose and objectives  

For renewable energy transition, a main challenge to IA is delivery of the knowledge that 

governments, communities, and industry need to efficiently plan for and effectively manage the 

impacts of renewable energy projects (Doelle & Critchley, 2015; Dutta et al., 2021; Hanna et al., 
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2016; McMaster et al., 2021; SSHRC, 2017). There has been a large amount of research on 

renewable energy and on the need to transition, but limited research and knowledge mobilization 

about the impacts of renewable energy systems and effective impact management strategies 

(SSHRC, 2017; Doelle & Critchley, 2015). As such, the purpose of this research was to improve 

current understanding about the typical environmental and social impacts of renewable energy 

projects and their mitigation solutions. The focus is on the wind energy sector. Wind energy is 

the main source of new electricity generation in Canada, with an average annual growth rate of 

18% over the last 5 years (CANWEA, 2017). The objectives of this research are as follows, to: 

i) identify the adverse environmental and social impacts typically associated with wind 

energy projects. 

ii) document the known mitigation strategies or solutions to avoid, reduce or compensate for 

impacts; and 

iii) identify and classify the specificity of known mitigation actions.  

 

1.2   Thesis format 

This thesis is presented in six chapters. The introductory chapter presents the research purpose 

and goals as well as the context of the research. Chapter 2 discusses the current scenario of 

Canada’s renewable energy transition, the role of impact assessment in energy transition, and 

how to support this transition in Canada. This chapter highlights the challenges associated with 

energy transition, how impacts are managed, and the importance of IA in renewable energy 

projects. Chapter 3 outlines the study area, western Canada, and the case study, wind energy. 

This chapter discusses the current wind energy sector in Canada, highlighting the potential for 

wind energy projects and the need for additional sources of generation in Western Canada. The 

chapter also focuses on discussing impact assessment for wind energy, corresponding legislation, 

and regulation in western provinces and on federal level. Finally, Chapter 3 presents the 

methodology which is based on an in-depth document analysis of IA reports.  Chapter 4 details 

the results found through the applied methodology and provides a detailed analysis of the 

findings. In Chapter 5, the research findings are discussed and how they correlate to the current 

literature. Chapter 6 presents the research conclusions, research contributions, suggestions for 

future research directions, and highlights possible ways to address raised issues.   
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Chapter 2 

Applied and Scholarly Context 

 

2.1 Canada’s renewable energy transition 

Canada is now facing the consequences of a rapidly changing climate - from permafrost 

thawing in the Arctic, increasing heat waves and flooding in the prairies, coastal erosion, and 

subsequent risks to food security and population health (Canada, 2016; Government of Canada, 

2015). From 1946 to 2014, the Canadian average temperature increased 1.6ºC (Government of 

Canada, 2016a). The federal government has already spent billions of dollars because of 

disastrous weather events. By 2050, it is estimated that climate change might cost Canada $21 

to $43 billion/year (Government of Canada, 2016a).                                                 

 

To address the urgency of climate change, Canada has developed, among other policies and 

instruments, the Pan-Canadian Framework on Clean Growth and Climate Change (Government 

of Canada, 2016b), focused on developing clean technologies to guarantee the growth of 

Canada’s energy and resource sector and to reduce GHG emissions (Potvin et al., 2017). 

Included among Canada’s key actions and commitments to addressing climate change are 

pricing carbon emissions across the country and switching the traditional fossil fuel-based 

electricity production system to a largely renewables-based energy system (Potvin et al., 2017). 

Clean technologies play an important role in reducing GHG emissions from energy production 

and use. These technologies include new options of production, distribution, transmission, and 

use of energy. New energy technologies can go a long way in meeting Canada’s commitment 

to the Paris Agreement - a global plan to reduce GHG emissions and maintain global average 

temperatures below 2°C above pre-industrial levels (Potvin et al., 2017; UNFCCC, 2016). 

However, clean technologies and renewables-based energy systems will also require new, and 

possibly different, infrastructure for energy production and distribution (Bataille et al., 2015). 

Since 2016, Canada has already invested $49 million in its Energy Innovation Program 

(Government of Canada, 2018).  

 

The current energy mix in Canada is based on coal, oil, natural gas, uranium, hydro, and other 

renewable sources (Government of Canada, 2021b; NEB, 2018). Canada’s emissions have grown 

by 17% since 1990.  The highest emissions are from oil and gas production, followed by industry 
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and transportation (NEB, 2018). The electricity system in Canada is based largely on hydropower 

sources (59.6%), followed by nuclear (uranium) (14.8%), natural gas (9.4%), coal (7%), and wind 

(5.1%). A small per cent is generated by biomass (1.7%), solar (0.6%) and petroleum (1.3%) 

sources (NRC, 2021a). Industrial and residential sectors represent the largest demand for 

electricity (CER, 2021). Since 2010, emissions from the electricity system decreased by 31% 

(CER, 2021). Nevertheless, electricity generation is still the fourth-largest source of GHG 

emissions in Canada (Government of Canada, 2016b).  According to Bataille et al. (2015), 

changing the electricity system from fossil fuel-based to renewable energy is the most important 

step for long-term GHG emissions reduction. Subsequently, Canada has committed to achieving a 

power system that is 90% carbon free by 2030, and investment in renewable energy is a primary 

means to achieve this target (Poelzer et al. 2016, Government of Canada, 2017).  

 

Renewable energy sources are at the center of the transition to a low carbon system, and 

renewable energy investment has grown considerably in recent years. According to the 

International Energy Agency (2018), renewable sources will provide almost 30% of global power 

demand in 2023. Canada is an emerging world leader in renewable energy (NEB, 2018). 

Renewables furnish almost 18.9 % of total primary energy supply in the country (NRC, 2021b). 

Hydropower currently provides 63% of electricity to meet Canadian demand, with facilities spread 

across the country, except for Nunavut and Prince Edward Island. Biomass too is an important 

source of energy generation in Canada. There are currently 111 facilities across Canada, with 

British Columbia, Ontario, Quebec, and New Brunswick having the largest capacity and 

generation for electricity, heat, and fuel (NEB, 2018; CER, 2019).  

 

Solar energy is also growing in Canada; Ontario currently has the highest generation in the 

country (NEB, 2018; CER, 2019). Tidal and geothermal are considered emerging technologies. 

Both British Columbia and Manitoba, for example, have invested in geothermal projects to 

generate power for heating (Government of Manitoba, 2018), but Canada has only one tidal power 

plant - located offshore Nova Scotia (NEB, 2018). Wind is the fastest growing source of 

renewable energy in Canada, with a 20% average annual growth rate over the last ten years and 

18% over the last five. In 2018, six new wind energy projects were announced in western Canada. 

Ontario, Quebec, and Alberta currently have the highest per cent of total installed wind energy 
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capacity (CANWEA, 2019). Ontario has the most installed wind energy capacity (5,076 

megawatts), and the most wind farms, (CANWEA 2020). Wind dominates electric generation (> 

98%) in Prince Edward Island, while Nunavut is currently the only jurisdiction without installed 

wind generation capacity (McMaster et al., 2021). 

 

2.2 Managing the impacts of renewable energy projects 

The impacts of traditional fossil-fuel energy projects are relatively well-documented, but 

literature on the impacts generated by alternatives energy sources is much less common (Hanna 

et al., 2019; Smith et al., 2005). McMaster et al. (2021) explain that renewable energy is critical 

to achieving a low carbon future but note that renewable energy projects are not without 

potentially adverse impacts. Renewable energy projects can generate a range of issues and 

impacts that affect wildlife, habitat, communities, and Indigenous lands and traditional use 

activities (Geißler et al., 2013). Larinier (2018), for example, discusses the implications of fish 

passages concerning small scale hydro facilities, while Morran and Sherrington (2007) note the 

economic implications large wind farms in Scotland. Armstrong at al. (2014) argue that land-

based wind turbines and solar panels can adversely impact ground-level micro-climate and 

change plant-soil process and carbon dynamics. For offshore wind energy developments, West 

al. (2010) report that underwater noise can adversely impact marine mammals, up to 50 km from 

the noise source. In Saskatchewan, in 2016, the province denied an application for a 79-turbine 

wind facility, citing concerns over the project’s potential impacts on migratory birds (McMaster 

et al., 2021). 

 

Renewable energy projects can also generate potential social conflicts, especially regarding local 

communities and land use. Although research indicates a general support for renewable energy 

projects (Ek, 2005), others report that this support is sometimes dependent on the projects being 

‘out of sight’ (Jones & Eiser, 2010). Swofford and Slattery (2010), and Van der Horst (2007), for 

example, report that those living closest to wind energy projects are less likely to accept them 

versus communities at greater distances. Recent wind energy proposals in Norway have 

generated significant conflicts, in part because of project locations in reindeer grazing areas. The 

Sami population, traditional reindeer herders, have expressed significant concerns about the 

impacts of wind energy on traditional lifestyle and livelihood. In 2020, the Sammi communities 
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brought legal actions against a proposed wind energy project for interfering with their livelihood 

and traditions. These types of impacts and conflicts about renewable energy are not new - in 

1979, Sammi communities protested the construction of a hydropower plant in Alta River, 

Northern Norway (Strzyżyńska, 2021).   

 

2.2.1 Role of impact assessment  

Impact assessment is not the only tool in Canada and internationally to address the impacts of 

project developments – including the impacts of renewable energy projects – but it is a primary 

one (McMaster et al., 2021). Impact assessment is broadly defined as a process to predict, 

identify, evaluate and mitigate the biophysical, social and others significant effects from proposed 

projects or initiatives before making decisions or commitments (Cashmore, 2004; IAIA, 2012). 

Currently, IA exists in different forms in Canada and internationally, including project-focused 

IA, also referred to as environmental impact assessment (EIA); social impact assessment (SIA), 

strategic environmental assessment (SEA), health impact assessment (HIA), and sustainability 

assessment (SA) to name a few (Bond & Pope, 2012; Noble, 2015). Of these various forms, 

project-based assessment is the dominant form of IA and is widely used around the world as an 

important tool for environmental management and ensuring informed decisions about proposed 

project developments (Morgan, 2012).  

 

IA operates as a tool to facilitate the environmental consideration during project design and 

developments. IA can aid project proponents by bringing environmental and social 

considerations into the assessment process, and help identifying actions that are potentially 

more environmentally sustainable (Cashmore, 2004; IAIA, 2012; Hanna, 2015). In the broadest 

sense, the short-term objectives of IA are to guarantee that environmental factors are taken into 

consideration in project design and decision making-process; anticipating, avoiding and 

managing potentially adverse effects from project developments and improving the design of a 

project. In the long-term, IA serves to promote a sustainable development, amplify 

environmental awareness, and protect human and environmental systems. In principle, IA is 

well suited to bring knowledge to project proponents, governments, and communities about 

potential impacts and management solutions to inform the review and decision-making process 

(Expert Panel, 2017; Sheate & Partidario, 2010). Cashmore (2004) describes a spectrum of 



 

 

8 

 

philosophies and values that define IA, reflecting how IA often functions in practice 

(Cashmore, 2004). At one end of this spectrum, IA is viewed as an applied science, the 

scientific method supplies the basis for IA theory and practice (Cashmore, 2004). To be a 

trustful process, IA is sustained by scientific objectives, modelling and experimentation, 

quantified effects predictions and hypothesis-testing (Noble, 2021). At the other end of this 

spectrum, IA is viewed as a civic science and a tool to influence decisions using the 

implementation of an inclusive, practical, and deliberative form of science and engagement 

(Cashmore, 2004). In this case, IA is a decision tool applied to empower stakeholders and 

promote social justice, being deliberative in approach and helping communities accomplish 

specific goals and outcomes (Noble, 2021).  

 

However, in practice IA often blends these extreme perspectives and plays an important 

‘information provision’ role – ensuring that decision makers, proponents, and the communities 

affected by a project, have the knowledge or information required to determine whether a 

project is acceptable and, if so, under what conditions (Noble, 2021). In this way, IA is an 

important tool for brokering the knowledge needed to make informed project decisions (Expert 

Panel, 2017; Thiessen et al., 2020), including information about impacts and viable mitigation 

actions (Rozema et al., 2012; Morgan 2012; Partidario & Sheate; 2013). Mitigation translates 

the findings from the IA into actions to manage project impacts – including the impacts of 

renewable energy projects. Larsen et al. (2018) argue that mitigation in IA ideally functions on 

a hierarchy, from avoiding project impacts to compensation that is equal or similar to the 

values lost (Figure 2.1). In practice, however, Larsen et al. (2018) and Noble (2021) note that 

the default focus of impact mitigation is often on making adverse impacts less severe.  

 

 

           Figure 2.1. Impact mitigation hierarchy. 

Source: Noble (2021), as adapted from British Columbia Environmental Assessment Office (2014) 



 

 

9 

 

 

Although IA can play an important information provision role, generating and sharing 

knowledge, it has been widely criticized for working in silos (Expert Panel, 2017). There is 

often limited explicit knowledge sharing across IA applications to improve future projects, 

realize process efficiencies, or better manage expected and unexpected impacts (Thiessen et al., 

2020) - and IA documentation itself can be difficult to access (Ball et al., 2013; Sheate and 

Partidario, 2010). The impacts identified during renewable energy project IAs, and the 

mitigation solutions, are rarely new (Doelle & Critchley, 2015; Dutta et al., 2021). But since 

there is only limited sharing of information about impacts and mitigation strategies across 

projects (Hackett et al., 2018), proponents often need to develop the IA process from the 

ground up – and, importantly, those affected by renewable energy projects are not always 

aware of what to expect in terms of anticipated impacts and how they can be managed. The 

results can be a slow, inefficient, and frustrating process (Dutta et al., 2021; Expert Panel, 

2017; Weaver et al., 2008). There is a need for better information and communication about 

impacts and risks of renewable energy projects to developers, communities, government and 

regulators learn how best manage them (Doelle & Critchley, 2015; Schuster et al., 2015).  

 

2.3 Supporting renewable energy transition  

Transitions are “processes of structural change in major societal subsystems and involve a shift 

in the dominant ‘rules of the game,’ a transformation of established technologies and societal 

practices, [and] movement from one dynamic equilibrium to another” (Meadowcroft, 2009, p. 

324). Transitions, especially transitions in energy systems, can bring many positive 

environmental, social and economic benefits, such as: powering remote communities; reducing 

GHG emissions; improving the diversity and reliability of the electricity system; increasing 

social well-being; and diversifying local economies (Akella et al., 2009; Sprague & Parkins, 

2012; Walker et al., 2015). But energy transitions are also complex and the transition from fossil 

fuel to renewable energy systems can also generate potentially negative impacts – ones that 

might be different than the well-known impacts of fossil fuel energy project (Hanna et al., 2016).  

 

Notwithstanding the value of IA for energy projects, IA processes have been criticized for 

inefficiencies (Leonardo, 2012), leading to project delays, and for limited sharing of knowledge 
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from one project to the next (Udofia et al. 2017).  Macintosh et al. (2018) argues that 

inefficiencies or delays in IA processes can, in the worst cases, lead to the abandonment of 

renewable energy project that could otherwise enhance social wellbeing. IA must support the 

evaluation of potential adverse impacts, but it must also not undermine energy transition 

processes (Geißler et al. 2013; McMaster et al. 2021). IA can actually minimize the transaction 

costs associated with project reviews and support timely and informed review processes – 

especially when there is sharing of knowledge about impacts and mitigation solutions across 

projects and between IA actors (Udofia et al. 2017). 

 

There is a need for the governments, proponents, communities, and regulators to have access to, 

and share information about, impacts and mitigation solutions to aid informed and efficient IA 

processes (Udofia et al., 2017). An enduring challenge, however, is that there has been a large 

amount of research on renewable energy and on the need to transition, but limited research and 

knowledge mobilization about the impacts of renewable energy systems, and effective impact 

management strategies (SSHRC, 2017; Poelzer et al., 2016; Doelle & Critchley, 

2015).Compared to the fossil fuel-based energy sector, relatively less is known about the impacts 

from renewable energy systems as well as their mitigation actions, and whether IA processes 

provide the knowledge that communities, project proponents, industry and governments need to 

develop and manage renewable energy projects (Hanna et al., 2016).  
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Chapter 3 

Research Methods 

 

3.1 Canada’s wind energy sector     

 

Wind energy is the principal source of new energy generation in Canada in terms of installed 

capacity (CANWEA, 2020). In 2019, total installed wind capacity was 13,414 megawatts, an 

increase from 444 megawatts in 2004 (CANWEA, 2020), comprising 5.1 % of national electricity 

generation in 2018 (NRC 2021a) (Table 3.1). In 2018 alone, wind energy capacity increased by 

566 megawatts. The majority of installed wind energy capacity is in Ontario (5,436 megawatts), 

followed by Québec (3,882 megawatts), Alberta (1,685 megawatts), and British Columbia (713 

megawatts). Yukon has the smallest installed capacity (0.8 MW). There is no installed capacity in 

Nunavut. Ontario has the largest number of wind energy turbines (2.681), followed by Québec 

(1.990), Alberta (957), and Nova Scotia (309) (CANWEA, 2020).  

 

Between 2013 and 2017, the federal government alone invested $13.7 billion in wind energy 

development (Government of Canada, 2019). This investment has been driven by technology 

innovation and the growing demand for wind energy as a viable option to meet national and 

provincial climate change commitments and greenhouse gas reduction targets (CANWEA, 2018). 

In Newfoundland, for example, the installation of the Ramea Island wind facility, consisting of 

six, 65 kilowatt turbines, are expected to reduce CO2 emissions by approximately 750 tons (NRC, 

2019). Wind Energy investments are more attractive, in part, because the technology and 

installation costs have decreased by 69% since 2009 (CANWEA, 2019, Lazard, 2017). Innovation 

has led this price drop (IRENA, 2018). According to Lazard (2017), wind energy presents the 

lowest cost option for new electricity development without subsidies. This increased investment 

in wind energy has led to new jobs, with 58,000 created in the construction and operation sectors. 

Almost 299 communities have benefited in different provinces and territories, including over 35 

Indigenous groups (CANWEA, 2019). Two of the five new wind energy projects developed in 

Canada in 2019, for example, are owned by Indigenous communities and local ownership stakes 

(CANWEA, 2019).  
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Table 3.1. Renewable energy (electrical generation) and wind energy capacity, 2019. 

Region Total electric generation – all sources1 Wind energy2 

MWh # projects Installed capacity (MW) 

Canada 640,087,117 301 13,413 

Alberta 77,161,279 38 1,685 

British Columbia 69,080,321 9 713 

Manitoba 31,712,590 4 258 

New Brunswick 13,531,316 6 314 

Newfoundland 43,633,614 4 55 

Nova Scotia 10,171,478 78 616 

Northwest Territories 758,875 1 9.2 

Nunavut 194,366 0 -- 

Ontario 156,110,747 94 5,436 

Prince Edward Island 648,300 10 204 

Québec 212,780,155 47 3,822 

Saskatchewan 23,826,226 8 241 

Yukon 477,850 2 0.8 
1All sources includes fossil fuels, hydroelectric, nuclear, wind, solar, and other. Includes electric producer utilities and other industries producing 
power that are not part of the electric power generation, transmission, and distribution industry. Statistics Canada Table 25-10-0020-01 

https://www.statcan.gc.ca/eng/start. 2Canadian Wind Energy Association, Installed Capacity https://canwea.ca/wind-energy/installed-capacity/ 

 

According to the Pan Canadian Wind integration study (GE Energy, 2016), Canada has the 

potential to provide one-third of its electricity from wind energy without compromising grid 

reliability. With growing demand for renewable energy, wind energy will play an important role 

in supporting Canada’s transition to a low carbon system (CANWEA, 2018). The National Energy 

Board recently projected that wind energy could represent 27% of new power generation between 

2017 and 240 (NEB, 2018). Western Canada (Alberta, British Columbia, Manitoba, 

Saskatchewan) is well positioned to increase its investment in wind energy. Saskatchewan and 

Manitoba have some of the strongest wind resources in Canada (CANWEA, 2016). In 2018, 

Saskatchewan approved six new wind energy initiatives, including a large project that will 

generate 177 megawatts from 56 wind turbines (Government of Saskatchewan, 2018). Wind 

energy is the second most important new electricity source in Alberta (Government of Alberta, 

2018). In 2018, Alberta announced five new wind energy power projects, representing $1.2 billion 

of private investment (Government of Alberta, 2019). British Columbia and Manitoba are 

investing in wind energy projects to bundle with hydropower sources already present in both 

provinces to increase the renewable energy mix (CANWEA, 2019).  

 

In addition to the opportunities to develop wind energy projects, there is also a need for 

alternative sources of energy generation in western Canada to meet demand. Alberta leads 

about:blank
about:blank


 

 

13 

 

western Canada terms of total electricity consumption, but Saskatchewan ranks second nationally 

based on electricity consumption per capita. Saskatchewan’s electricity demand has increased by 

43% since 2005, the highest growth in western Canada and the second highest nationally. 

Alberta’s demand for electricity has grown by 22%, followed by Manitoba with 8% and British 

Columbia with 4% (CER, 2021).  Most of this demand originates in the industrial sector. With 

the exception of Manitoba, the industrial sector is the largest energy consumer in western Canada, 

followed by the commercial sector and the residential sector (Table 3.2).  

 

Table 3.2. Electricity consumption in western Canada by sector, 2017.  

Province Industrial Commercial Residential National rank based on electricity 
consumption per capita 

Alberta 51.8 Tw/h 17.2 TW/h 10.3 TW/h 4th   

British Columbia 28.4 TW/h 20.1TW/h 14.9 TW/h 8th  

Manitoba 6.3 TW/h 7.0 Tw/h 8.2Tw/h 6th  

Saskatchewan 12.4 TW/h 7.1 TW/h 3.5 Tw/h 2nd   

Source: Canada Energy Regulator (CER), Provincial and territorial energy profiles. https://www.cer-rec.gc.ca/en/data-
analysis/energy-markets/provincial-territorial-energy-profiles/   

 

3.2 Impact assessment for wind energy projects 

Impact assessment in Canada at the federal level is legislated under the Impact Assessment Act. 

The current Act was implemented in 2019 (replacing the Canadian Environmental Assessment 

Act, 2012). One of the key changes in the new act is to improve clarity and consistency during the 

IA process, as well as the introduction of an early pre-project planning and engagement phase. 

The federal Impact Assessment Act applies only to projects for which there is federal jurisdiction 

and is found on the Physical Activities Regulations: SOR/2019-285. These are typically major 

infrastructure projects, including nuclear, trans-boundary oil and gas, and hazardous waste 

disposal (Government of Canada, 2017; Government of Canada, 2018). As McMaster et al. (2021) 

explain, most wind energy projects in Canada are assessed under provincial or territorial 

legislation, with the federal Impact Assessment Act applying only in cases where projects are 

located offshore, or in a national park or nationally designated wildlife area. 

 

The majority of IAs in western Canada, including those for wind energy, are captured under 

provincial IA processes, specifically the Environmental Assessment Act (British Columbia), the 

https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/provincial-territorial-energy-profiles/
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/provincial-territorial-energy-profiles/
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Environmental Protection and Enhancement Act (Alberta), The Environmental Assessment Act 

(Saskatchewan), and The Environment Act (Manitoba) (Table 3.3). British Columbia’s 

Environmental Assessment Act is described by the government as a tool to reviewing large 

projects and their possible environmental, social, and economic impacts – this includes ensuring 

that concerns raised by industry, communities, governments, and First Nations are considered. 

Several characteristics typically determine if a project requires an IA in British Columbia, 

including: size of the project, production capacity, timing, geographical location, potential 

impacts, and the type of industry the project is related to (SBC, 2018). Most energy projects in 

British Columbia trigger IA based on generation capacity (i.e., a nameplate capacity of ≥ 50 MW 

of electricity). However, for wind energy projects the current IA trigger is based on the number 

of turbines and their specific location (Table 3.3) 

 

In Alberta, IA is part of the larger Environmental Protection and Enhancement Act, 2000, and 

the Environmental Assessment (Mandatory and Exempted Activities) Regulation. A project 

proponent is required to submit a project description to determine if the project will require an 

IA. Alberta’s IA process works to provide information rather than a process to make decisions.  

(RSA E-12, 2000; Hanna, 2015). Projects smaller than 1 megawatt are exempt from assessment, 

whereas those greater than 1 megawatt are subject to full IA review at the discretion of the 

regulatory authority (McMaster et al., 2021). Saskatchewan’s The Environmental Assessment Act 

is also discretionary regarding IA requirements for wind energy; there is no project list and no 

defined thresholds. A project proponent is required to make an application to the province’s 

Environmental Assessment Branch that includes a technical proposal of the project. The 

application is screened to determine if the project is considered a “development” under the Act, 

for which a full IA review may be required. Manitoba’s Environment Act requires an IA 

licensing for both private and public project’s that are defined as “developments” under the 

Classes of Development Regulation (Manitoba Regulation 164/88). The definition of 

“development and a description of the classes can be found in the Act in section 1(2). Projects 

considered “developments” are required to submit an environmental proposal to the 

Environmental Approved Branch for screening. Manitoba’s threshold of 10 megawatts is not 

specific to wind energy but applies generically to all energy projects. 
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Table 3.3. Impact assessment legislation and requirements for wind energy in western Canada. 

Province British Columbia Alberta Saskatchewan Manitoba 

Legislation   Environmental 
Assessment Act (EAA) 
(SBC 2018 c.51)* 

Environmental 
Protection and 
Enhancement 
Act (EPEA) (RSA E-12, 
2000) 

The Environmental 
Assessment Act 
(EAA) (S.S. 1979-80 
c.E-10.1) 

The Environment Act 
(SM 1987-88 c.26) 

Applicable IA 
regulations 

Reviewable Projects 
Regulation B.C. Reg. 
67/2020 
 

Environmental 
Assessment Regulation 
(112/93; 89/2013); 
Activities Designation 
Regulation 276/2003; 
125/2017) 

 Classes of 
Development 
Regulation (E125 – 
M.R. 164/88); 
Licensing Procedures 
Regulation (E125 – 
M.R. 163/88) 

IA trigger for 
wind energy 
projects  

Wind facilities with 
15 or more turbines; 
or with at least one 
turbine located in 
water and a total of 
10 or more turbines.  

≥1 MW (Discretionary 
Activity) 
 

Case by case basis  >10 MW 

* BC Environmental Assessment Act (SBC 2002 c.43) was updated and replaced by Environmental Assessment Act 2018 (SBC 

2018, c. 51) that came into force in December 2019. All IAs included in this research were for projects assessed under the 
previous Act 

 

3.3 Data collection and analysis  

 A total of 50 IA reports for wind energy were collected between 2006 and 2018, with 17 reports 

identified from western Canada: Alberta (n = 7); British Columbia (n = 6); Manitoba (n = 2) and 

Saskatchewan (n = 2).  This sample may not capture all wind energy projects in each jurisdiction. 

Triggers for assessment differ by jurisdiction, by project scale and local context, and not all wind 

energy projects in each jurisdiction have been subject to assessment. This sample thus captures 

only those wind energy projects subject to regulatory IA and identified in the respective provincial 

IA registries. During a preliminary scan of the IA reports, it was observed that documentation for 

five of the projects identified did not present information on impacts and mitigation actions. For 

this reason, a total of only 12 projects were included in the review (Table 3.4).  
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Table 3.4. Sample of 12 wind energy project IAs selected for analysis. 

Province Project Generation 
capacity 

 

Date IA 
filed 

Closest communities 
(km) 

 
 
Alberta 

Blackspring Ridge Wind 
Project 

298.80 MW 
167 Turbines  

2009 Carmangay (15 km) 

 Bull Creek Wind Facility   29.15MW 
  15 Turbines 

  2015   Hamlet (15 km) 

Halkirk Wind 149.40 MW 
83 Turbines  

 
2009 

Halkirk (2 km) 

Wintering Hills 88.00 MW 
55 Turbines 

2009 Dalum (12 km) 

British 
Columbia 
 

Bear Mountain Wind Park 
Project 

102.000 MW  
34 turbines 

2007 Dawson Creek (12 km) 

Cape Scott Wind Farm 99.00 MW 
55 Turbines 

2009 Holberg (14 km) 

Dokie Wind Project 144.00 MW 
48 Turbines 

2006 Chetwynd (9 km) 

Quality Wind 142.20 MW 
79 Turbines 

2010 Tumbler Ridge (9 km) 

Thunder Mountain Wind 320.00 MW 2009 Thunder Ridge (18 km) 

 
       
Manitoba  

St. Joseph Wind Farm 138.00 MW 
60 Turbines 

2008 St. Joseph (2 km) 

St. Leon Wind Energy I & II  120.45 MW 
73 Turbines  

2006 St. Leon (1.66 km) 

 
Saskatchewan 

Chaplin Wind Energy Project 177 MW 
59-118 Turbines 

2013 Hebert (90 km) 

 

The information collected from each impact statement was organized by year, by size of the 

project, by valued component, by phase of the project, by impact type, by category (biophysical 

and human), and by mitigation action based on its location on the mitigation hierarchy and 

specificity of mitigation. IA reports include the project’s assessment document, management 

plans, as well as any accompanying technical reports to support the IA and the decision statement 

or approval conditions. IA documents were examined using a semi-quantitative approach to 

identify and classify different types of impacts and mitigations (e.g., by receptor, project size, 

proponent, geography) (see Jacob et al., 2016; Peste et al., 2015). Document content analysis is a 

systematic approach used to identify, classify, and organize information into categories (Bowen, 

2009). It is a research method often applied to cases studies (Bowen, 2009) and frequently used in 

IA research for reviewing impact statements (e.g., Diduck &Sinclair, 2002; Ball et al., 2013, Noble 

et al., 2013; Noble & Hanna, 2015). The document analysis approach integrates elements of 
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content analysis with elements of thematic analysis (Bowen, 2009). The document analysis 

proceeded based on the following steps:  

  

1. Identification and classification of impacts (e.g. social, biophysical, Indigenous, gender-

based, etc.) addressed in the proponent’s impact statement;   

2. Determination of the most frequently identified or common impacts across projects and 

based on project size and location. 

3. Identification and classification of mitigations proposed by the proponent or required by the 

regulatory authority to reliably reduce adverse impacts;  

4. Identification of impacts most often deemed to have a high likelihood of significant adverse 

effects and/or for which mitigations are identified as uncertain or unproven.  

 

Table 3.5 is an example of how information extracted from the IA reports was organized. A total 

of eight factors or categories were examined: 

Table 3.5. Illustrative example of organization and classification of information extracted from IA reports. 
Project Valued 

Component 
Project 
Phase 

Impact Category Is there a 
proposed 
mitigation? 

Mitigation 
Action 

Mitigation 
Hierarchy  

Mitigation 
Specificity 

Bear 
Mountain 
Wins Park 

Air Quality Construction Increased 
level of 
dust in 
the air 

Biophysical Yes Application 
of dust 

suppressors 

Minimize Medium 

 

o Valued components: Impact statements in IA reports are typically presented by Valued 

Components (VCs). All VCs were identified from the sample of projects and organized 

into common VC categories. In some cases, multiple VCs (e.g., fish, fish habitat, riparian 

environment) were rolled-up into a larger VC category (e.g., aquatic environments). 

o Project phase: Impacts on VCs were organized into two main phases: construction and 

operation. Impacts can occur in different phases or in both phases. For example, an 

increased level of road dust was a common impact on air quality identified in the 

construction phase. Impacts to wildlife, such as sensory disturbance to bats and birds, in 

contrast, were common during the operation phase.  
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o Impact: All impacts on the VCs were identified and documented. 

o Category: Impacts were separated in two main categories: biophysical and human.  

Biophysical includes impacts related to air, water, soil, wildlife, etc. Human refers to 

impacts directly related to human beings and society.   

o Mitigation proposed: A binary determination as to whether a mitigation action was 

proposed for the identified impact. 

o Mitigation action: The specific mitigation action was identified for the impact. 

o Mitigation hierarchy: All actions were classified following the mitigation hierarchy (Jacob 

et al., 2016; de Jesus et al., 2013). Mitigation is considered one of the main objectives in 

IA (Larsen et al., 2018; Tinker et al., 2005) as it seeks to address significant issues raised 

by planned developments (Larsen et al., 2018). According to Jacob et al. (2016), the 

mitigation hierarchy is a common tool applied to IA analyses. This approach organizes 

mitigation actions in categories: avoid, minimize, repair, compensate, and enhance. The 

order of the categories is based on the priority of the actions, meaning ‘avoiding impacts’ 

is the priority, followed by ‘impact minimization’ and so forth.   

o Mitigation specificity: According to Tinker et al. (2005), a key challenge identified in IA 

literature is that mitigation actions are often vague or imprecise. For the purpose of this 

research, and drawing on Aura Environmental (2018) guidance for high quality mitigation 

input, the mitigation actions were classified according to their specificity from high to low, 

as follows:  

High: The mitigation action is well described and presents information about where 

the action will be taken, or when, or for long, or how it will be done. 

Medium: The mitigation action is well described but does not inform time, 

methods, or area. 

Low: The mitigation action is vaguely described and does not provide any extra 

information.  
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For example, for impacts affecting bird nests and the bird breeding season, impact 

mitigations included such actions as the following:  

A) consultations with the Ministry of Environment to establish and maintain a 

500-meter buffer around active raptor nests between March 1st and June 30th 

and within 300 meters between July 1st and August 15th.  

B) the establishment of appropriate buffers around nests during blasting and 

construction.  

C) the use of bird friendly configurations for all above ground transmission.  

Example “A” provides detailed information about how, when, and where the 

mitigation action is taking place, as well as the source of the consultation. This 

example was classified as high specificity. Example “B” does not provide any 

information regarding time or tools to apply to the proposed mitigation action, but 

the action is described and the time period for the action is mentioned. This example 

was classified as medium specificity. Example “C” does not have any information 

regarding time, place, or tools for applying the mitigation action; it also does not 

describe the action in detail or explain how it would avoid impacts on bird nests 

and the breeding season.  This example was classified as low specificity. 

3.4 Limitations 

A primary limitation to this research is related to accessing IA reports. Despite those documents 

being considered in the public domain, previous researchers have also reported on the difficulty 

of identifying and accessing complete environmental assessment documentation (Ball et al., 

2013). Incomplete records of wind energy projects in Canada, limited support from responsible 

authorities in locating and sharing the documents, a long bureaucratic process to formally secure 

the documents, and resistance from some proponents to share documents are the main 

experienced in accessing the necessary documents. In addition, not all wind energy projects are 

subject to IA in all jurisdictions, so the study may not be comprehensive of all known impacts 

and unique mitigation actions addressing impacts.  
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Chapter 4 

Results 

 

This chapter presents the results of the document analyses. The first section of this chapter 

discusses the availability and accessibility of impacts statements. The following section presents 

how impacts and mitigation actions are presented across the analyzed impacts statements. The 

third section presents aggregated results from biophysical and human impacts. The next section is 

dedicated to mitigation actions. Finally, the last section presents the most common impacts and 

most common mitigation actions.   

 

4.1 Availability and accessibility of information on impact statements 

There was considerable variability in impact statement information availability and accessibility. 

The process to collect documents was long, bureaucratic, and unsuccessful in some cases. It took 

four months to secure project IA documents, as not all project documents listed in the IA registries 

were available. In some cases, formal information requests to the responsible government agency 

were required to access project documentation. In other cases, e-mails contacting private 

companies to request project documents were necessary where IA registries were incomplete or 

where provincial governments would not provide or did not have the information. As a result, 

some impact statements were incomplete. For example, some reports only provided summarized 

information about impacts, other reports only had information describing the project. A few reports 

did not provide information concerning impacts and mitigation actions. Since the focus of this 

research was to identify and classify impacts and mitigation actions, those reports were not 

considered in this analysis and so are not presented in the results.  

 

The format and organization of impact statement documentation also varied considerably across 

projects, from reports presented in a consolidated document to projects separated by themes and 

organized in several different formats and electronic folders. The amount of information available 

in each report and the order in which information was presented also varied. For example, some 

reports presented impact and mitigation actions in sequence. In other cases, impacts are presented 

first and in a second document proposed mitigation actions are introduced. There were reports that 

provided detailed impacts and general information on mitigation actions and vice-versa. The 
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organization of information regarding impacts and mitigation actions in the analyzed reports are 

discuss further in this chapter.  Overall, the IA documents collected from projects in British 

Columbia were mostly complete and with detailed information. Most documents from projects in 

Alberta were incomplete, often with very general information about impacts and/or mitigation 

actions.  

 

4.2  Impacts and mitigation actions – How they are presented in impact statements  

In the analyzed impact statements, impacts and their mitigation actions were variably presented. 

Part of this research was dedicated to identifying and organizing impacts and their mitigation 

actions as well as classifying the specificity of the mitigation actions. Understanding how impacts 

and mitigations actions are presented was an important step to analyzing their specificity. The 

results demonstrated three different forms in which impacts, and mitigations are presented. First, 

a specific impact is identified, and one or more specific mitigation actions is presented for 

addressing that impact. For example, Table 4.1 demonstrates a specific impact statement regarding 

riparian habitat identified in one of the project impacts statements, for which multiple and specific 

mitigation actions were proposed – specific in the sense that they could be verified by a regulatory 

authority via project follow-up and auditing procedures.  

 

Table 4.1. Example of impact statements and mitigation actions.  

1. Specific impact                                    Specific mitigation actions 
The project will result in direct 
disturbance to (or loss of) 
riparian habitat 

• A minimum setback of 15 m from non-fish bearing watercourses, and 
greater distance from fish bearing watercourses during construction. 

• The practices outlined in DFO Operational Statement for Maintenance 
of Riparian Vegetation in Existing Rights-of-Way will be followed. 

2. General impact                                  Specific mitigation actions 
Potential for hazardous 
material spills 

• Prepare/implement an emergency spill response plan 

• Provide double-walled fuel storage tanks and drip trays for equipment 

3. Specific impact                                   General mitigation action 
Increased erosion of cleared 
ground around wind turbine 
site, delivering sediment to the 
streams close to the project 
area during construction. 

• Re-vegetate 

 

In the second case, an impact is only generally stated but specific mitigation actions are identified. 

The example is Table 4.1 concerns a general impact statement about the possibility of a hazardous 
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spill during construction, but with no specification of risk or the receiving environment. However, 

the impact statement presented several, specific mitigation actions to address the potential impact.  

In the third case, a specific impact is identified but the associated mitigation action is only general 

or vaguely described, such as reference to revegetation (Table 4.2) but with no further details as 

to the area to be revegetated, time frame, or strategy to address sediment delivery to streams.   

 

4.3 Impacts and mitigation actions: Biophysical and human  

This section presents the aggregated results on impacts and mitigation action analyses. One of the 

objectives of this research was to identify impacts and their mitigation actions. Impacts were 

organized into two main categories: biophysical, including all impacts directly related to the 

environment; and human, which aggregated impacts affecting the local community and economic 

activities, including impacts on health, recreation, culture, tourism, etc. Part of the document 

analyses identified the incidence of impacts and mitigation actions in each phase of the project – 

construction, operation, and decommissioning phases. Understanding the incidence of impacts in 

each phase is important for project proponents, developers, communities, and stakeholders to be 

aware of what phase can generate more impacts and which mitigation actions are needed. The most 

impacts identified (50%) were associated only with the construction phase; 22% only with the 

operations phase; and 28% of the impacts identified were identified for both phases (Figure 4.1).  

 

 

Figure 4.1. Distribution of impacts identified (biophysical and human) 
by project phase across the sample of IAs. 

 

Mitigation actions were presented for impacts in both the construction and operation phases. 

However, mitigations associated with the construction phase impacts were typically more precise. 
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It was also found that only a small number of impact statements (n = 4) mentioned a 

decommissioning phase. In all four cases, the impacts predicted in the decommissioning phase 

were the same as the impacts presented during the construction phase. For this reason, the 

mitigation actions indicated were also the same. None of the impact statements analysed included 

a full impact study for the project decommissioning phase. In most cases, where mentioned, the 

decommissioning phase was addressed during the description of project construction.  

 

 In total, 94 impacts were identified across the sample of impact statements: 56 impacts were 

categorized as biophysical, and 38 impacts as human (Figure 4.2). The diversity of subcategories 

of impacts within the human impact category are presented in Figure 4.3. Most human impacts 

identified in the sample of impact statements are in the subcategory social/economic, followed by 

impacts related to health, and impacts affecting Indigenous communities. For biophysical impacts, 

the greatest numbers relate to wildlife, vegetation, and soil, followed by water resources and 

aquatic environments. 

 

 

Figure 4.2 – Percentage of biophysical impacts across the sample of IAs. 

 

 

A total of 289 mitigation actions were identified across the sample of impact statements. For 

human impacts, 50 mitigation actions were identified across the 38 human impacts reported 

(impact to mitigation ratio 1:1.3). In contrast, 239 mitigation actions were found for the 56 

reported biophysical impacts (impact to mitigation ratio 1:4.3). 
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Figure 4.3 – Percentage of impacts by each human subcategory 

across the sample of IAs. 

 

 

Eleven human impacts were identified with no mitigation measures suggested (29%), compared 

to only four biohysical impacts with no mitigation actions proposed (7%) ( Figure 4.4; Figure 

4.5). Some of  impacts identified in the human category wihout a mitigation are: damage to 

property, increase housing demand and property value, affects of radio communication and 

possible injuries causes by blade ice break up.  

 

 

Figure 4.4 – Percentage of biophysical impacts with and without 
mitigation action across the sample of IAs 
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Figure 4.5 – Percentage of human impacts with and without 
mitigation action across the sample of IAs 

 

 

The impacts identified without mitigation actions in the biophysical category are: i) sensory 

disturbance interfering with birds and bats, ii) increase in the annual allowable land clearance, iii) 

impacts to a specific land tenure (i.e. a tree farm license) and, iv) noise impacts affecting cattle 

grazing. The majority of impact statements claimed that sensory disturbance would be “not 

significant” and thus would not require a mitigation action. The other three impacts identified 

without mitigation actions were found in a single impact statement from a wind energy project in 

British Columbia – the Cape Scott Wind Farm.  

 

The majority of human impacts identified without mitigation actions were related to 

social/economic and health impacts. For example, increased demand for housing, property 

damage, accidents due ice throw during turbine operation, and the disruption of radio 

communication system functions, were impacts identified for which no mitigations were proposed. 

 

Regarding the potential positive impacts of wind energy projects, only five of the 12 impact 

statements identified positive impacts. When identified, positive impacts were related to economic 

opportunities through the construction and operation of a wind facility in that region – such as 

employment.  
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4.4 Mitigation actions: Hierarchy and specificity 

 

This section presents results from the analysis of mitigation actions, including the mitigation 

hierarchy and mitigation specificity. Initially, one of the objectives of this research was to 

identify impacts for which the mitigation actions were unknow or uncertain. However, the 

analysis indicated there was only a few impacts without mitigation actions, as noted in the above 

section. The main difference identified within mitigation actions is how informative they are. In 

several cases, the mitigation action described did not provide specific information about 

procedures such as how it would be done, when, for how long, or by who. Based on this new 

information, and for the purpose of this research, a classification of mitigation actions was 

created based on levels of specificity, from low specificity to high specificity.  

 

A total of 289 mitigation actions were identified across the 12 impact statements. Government 

guidelines or “consulting specific agencies” were mentioned as a mitigation action for 20 

identified impacts across different impact statements. These included, for example, “adherence to 

CanWEA Best Practices for Transmission Line Setbacks” and “practices outlined in DFO 

Operational Statement for Maintenance of Riparian Vegetation in Existing Rights-of-Way.” 

Government guidelines have several actions describing how to address an effect. Those actions 

can range from consultation to very detailed actions as described in specific regulations. 

Although referring to government guidelines is a common practice in IA, for the scope and 

purpose of this research there was no subsequent analysis of the nature or specificity of 

instructions set out in those various regulations.  

 

The study also identified 10 impacts with mitigation actions that were vague and not addressing 

the stated impact. Those actions were not considered mitigations for the purpose of this research 

and were classified as “mitigation black holes” because it wasn’t possible to understand what they 

required. Examples include “mitigation” statements like: “consider forestry values in the design 

phase.” In this example, there is no explanation as to what this means, who is responsible, how to 

proceed, and how it would mitigate an impact. In a second example, “prepare an emergency spill 

response plan” was presented but with no reference to implementation or a specific spill type or 

hazard. All remaining mitigation actions were organized and classified according to the mitigation 

hierarchy – avoid, minimize, repair, compensate, enhance. 
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4.4.1 Mitigation hierarchy and specificity of mitigation 

Mitigation actions were classified following the mitigation hierarchy and mitigation specificity 

classifications. As mentioned before, 289 mitigation actions were identified: 239 mitigation 

actions were addressing environmental impacts and 50 mitigation actions refer to human impacts. 

Most mitigation actions were classified as “minimize” for both biophysical and human categories. 

For biophysical impacts, 184 (77%) of the mitigation actions were classified as minimize, followed 

by avoid 38 (16%), then repair 15 (6%), and finally, compensate 2 (1%) (Table 4.2). For human 

impacts, 45 (90%) of mitigation actions were classified as minimize, 3 (6%) as avoid, and 2 (4%) 

as compensate (Table 4.3). No repair measures were found addressing impacts in the human 

category. In both categories, biophysical and human impact “compensation” measures were 

relatively infrequent (1% and 4%, respectively). The “compensate” measures for biophysical and 

human were described as monetary compensation but did not provide any kind of detailed 

information. There were no clear enhancement strategies for positive impacts.  

 

Table 4.2. Biophysical mitigation actions classified by mitigation hierarchy and mitigation specificity. 
 
 

 

 

 

 

 

*High: The mitigation action is well described and presents information about where the action will be taken, or when, or for long, 

or how it will be done. Medium: The mitigation action is well described but does not inform time, methods, or area. Low: The 

mitigation action is vaguely described and does not provide any extra information.  

 

Most mitigation actions identified were described with low specificity: 210 (73%), followed by 

medium specificity: 67 (23%) and, high specificity: 12 (4%). For biophysical impacts, 161 of 239 

(67%) mitigation actions were classified with low specificity, followed by 66 (28%) with medium 

specificity, and 12 (5%) with high specificity (Table 4.2). Although most of the mitigation actions 

for biophysical impacts were characterized as low specificity, the category presents a more diverse 

range of mitigation specificity when compared to the human category, which only presented one 

mitigation action classified with medium specificity (Table 4.3). 

  

Mitigation hierarchy 

Specificity of mitigation action* Total Percentage 

High Medium Low 

Avoid 3 7 28 38 16% 

Minimize 9 54 121 184 77% 

Repair 0 5 10 15 6% 

Compensate 0 0 2 2 1% 

Total 12 66 161 239 100% 
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Table 4.3. Human mitigation actions classified by mitigation hierarchy and mitigation specificity. 
 

 

 

 

 
    

 

*High: The mitigation action is well described and presents information about where the action will be taken, or when, or for long, 

or how it will be done. Medium: The mitigation action is well described but does not inform time, methods, or area. Low: The 

mitigation action is vaguely described and does not provide any extra information 

 

 

4.4.2 Most common impacts and most common mitigation actions  

The most common impacts for both categories, biophysical and human, were organized based on 

the VCs identified and the impacts to those VCs. See Appendix A.1 and A.2 for a complete listing 

of impacts and mitigations by VC. A “common” impact simply means that the impact is found in 

at least 50% or more of project impact statements in which the VC is identified. For example, the 

impact ‘increased levels of dust’ associated with the VC ‘air quality’ is identified in all 12 projects, 

and the VC ‘air quality’ is also identified in all 12 projects. “Disturbance to archaeological sites” 

was identified in only 6 projects but is still considered a common impact because the VC 

‘archaeological resources’ was included in only 5 projects. In contrast, impacts to livestock was 

identified in only one project; however, the VC ‘agricultural land and resources’ was included in 

seven of the 13 projects; therefore, impacts to livestock was not considered a common impact 

under this category. 

 

The biophysical category yields more impacts in common across projects when compared to the 

human category. The VCs air quality, terrain stability and hydrology were identified in all 12 

impact statements. For the human category, the most common VCs are transportation, 

demographic and health, and heritage resources. Considering the impacts identified, the 

biophysical category also presented more common impacts across projects, such as: increased 

levels of dust emissions; surface water contamination; and bird collisions. The commonality of 

impacts across projects in the human category is considerably low.  

 

 
                                         
Mitigation Hierarchy 

Specificity of mitigation action* Total Percentage 

High Medium low 

Avoid 0 1 2 3 6% 

Minimize 0 0 45 45 90% 

Repair 0 0 0 0 0 

Compensate 0 0 2 2 4% 

Total  1 49 50 100% 
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Once the most common impacts were identified, the analyses focused on identifying the most 

common mitigation actions for those impacts. Tables 4.4 and 4.5 show the most common impacts 

with the most common mitigation actions. 

 

Table 4.4. Most common impacts with most common mitigation actions – Biophysical category. 
Valued 

component 
# of 

projects 
Most common impacts Most common mitigation action Mitigation 

hierarchy 
Specificity 

Air Quality  12 of 12 Increases levels of Dust 
Emissions 

Application of dust suppressants MI M 

Limiting vehicle speeds to avoid 
producing dust 

MI L 

Increases level of 
Fugitive emissions and 
Greenhouse gases 
emissions 

Operating equipment at optimum 
rated loads 

MI L 

Minimizing vehicle trips (i.e. 
coordinate worker trips) 

MI L 

Following routine equipment 
maintenance procedures 

MI L 

Terrain  12 of 12 Increase levels of 
erosion and 
sedimentation  

Re-vegetating areas  RE L 

Changes to the natural 
drainage pattern 

Maintaining natural drainage 
patterns 

AV L 

Risk of accidental spills 
causing soil 
contamination 

Prepare/implement emergency spill 
response plan 

X 
 

Hydrology  09 of 12 Surface water 
contamination 
from accidental spills 
and releases 

Prepare/implement emergency spill 
response plan 

x 
 

Vegetation  08 of 12 Habitat fragmentation/ 
loss  

Minimize vegetation clearing MI L 

Introduction of exotic 
plant species on the 
project area (weeds) 

Equipment and vehicles will be 
cleaned before they enter the site 

MI L 

Wildlife/Wildlife 
habit  

08 of 12 Increased bird collision 
and disorientation with 
turbines  

Use of Lightning system  MI L 

Increasing batt 
mortality by collision 
with turbines  

Use of lightning system MI L 

Aquatic 
Environment   

07 out of 
12 

Water contamination 
by run-off and spills  

Prepare/implement emergency spill 
response plan 

MI L 

Disturbance or loss of 
riparian habitat 
affecting aquatic life   

Vegetation removal will be 
minimized and disturbance of 
vegetation and soils near surface 
waters will be minimized 

MI L 

 

 
Note: Mitigation hierarchy. MI: Minimize. AV: Avoid. RE: Repair. M: Medium. L: Low. X: Mitigation “black hole” 
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The same criteria applied to define the most common impacts was applied to mitigation actions. 

To be considered common, the mitigation action needs to be identified in at least 50% or more of 

impact statements in which the valued component and most common impacts are identified. The 

analysis shows that while the impact statements shared a considerable number of common impacts, 

the number of common mitigation actions across project is low. For both biophysical and human 

impact categories, all mitigation actions identified as common are classified as a “minimize”.  

 

Regarding specificity, all mitigation actions were also presented with a low level of specificity. In 

some cases, the common mitigation actions shared across projects are so vague and imprecise that 

they were classified under the category mitigation “black hole”. In the biophysical category, 15 

common mitigation actions were identified. The valued component “air quality” captured the most 

common mitigation actions (5). In contrast, only 5 mitigation actions were identified as common 

in the human category. 

 

 

Table 4.5: Most common impacts with most common mitigation actions – Human Category 
Valued 

component 
# of 

projects 
Most common 

impacts 
Most common mitigation action Mitigation 

hierarchy 
Specificity 

Transportation  10 out of 12  Increased traffic 
in the area  

Creating a traffic management 
plan 

M L 

Demography & 
Health 

8 out of 12 Increase the 
demand on 
available 
temporary 
accommodations  

Hiring local  M L 

Heritage 
resources 

6 out of 12  Potential Impacts 
on archeological 
sites  

Conducting an archeological 
survey before construction 

M L 

Recreation  7 out of 12  Affect recreation 
activities  

Advise recreational groups prior 
to, during and following 
construction of any issues related 
to safety and the effect of routing 
on trials 

M L 

First Nations 6 out of 12  Loss of use of 
traditional areas 
and traditional 
use sites 

On-going consultation and 
avoidance of sites; consideration 
of other traditional use sites; 
minimize footprint and re-vegetate 

M L 

 

 

 

 

Note: Mitigation hierarchy. MI: Minimize. AV: Avoid. RE: Repair. M: Medium. L: Low 
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Chapter 5  

Discussion  

 

 

This research explored the environmental and social impacts of renewable energy projects in 

Western Canada. The focus of this study was the wind energy sector. Through an in-depth 

analysis of impact assessment documents this thesis aimed to improve the understanding of 

renewable energy project impacts and their mitigations solutions. Although renewable energy 

systems have been growing across Canada, there is limited research on impacts from renewable 

energy systems when compared to fossil fuel systems (Hanna et al., 2016; McMaster et al., 

2021). 

 

The results of this research identified 94 impacts from 12 IA reports. Of these, 56 were 

biophysical impacts and 38 were impacts to the human environment. The majority of impacts 

identified were associated with the construction phase of wind energy projects and concerned 

impacts to such matters as dust emissions, erosion and sedimentation, and changes to natural 

drainage patterns. A total of 289 mitigation actions were identified from the sample of IA 

reports, with the majority (83%) for biophysical impacts. For eleven of the identified impacts to 

the human environment, no mitigation actions were suggested; compared to only four 

biophysical impacts without a mitigation action. For both biophysical and human impacts, most 

mitigation actions focused on impact minimization, followed by avoidance, and repairing or 

restoring. No compensation measures were identified for human impacts. The results also 

demonstrate that the information regarding environmental and human impacts provided in IAs 

for impacts and mitigation vary by province, project, and VC. Although IAs are considered 

“public records” and should be easy to access, in practice this often proved to be difficult. It 

required several months to access the IA reports required for this research.  

 

5.1 Shifting attention to impacts on the human environment 

Each of the four western Canadian provinces included in this research have their own legislations 

and regulations for conducting IA. In each one of those provincial acts and regulations, the 

assessment process is described as encompassing of the environmental, social, cultural, and 
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economic effects that might be generated by a project. However, the results of this research 

indicate a considerable imbalance in practice between the attention given to biophysical impacts 

versus impacts to the human environment. Results show a large emphasis in project IA reports 

on biophysical impacts when compared to human impacts, a ratio of 1:1.4 based on the sample of 

projects reviewed This is not surprising. Several authors have discussed the biophysical focus of 

IA systems (e.g., Hanna et al., 2019; Larsen et al., 2018; Larsen et al., 2015). Larsen et al. 

(2015), for example, report that impacts to the human environment are rarely analyzed in-depth 

in comparison to biophysical impacts, and often not properly addressed during the IA process for 

energy projects. They go on to report that in many cases there is a gap between public concerns 

about human impacts and the focus of project assessments.  Studies conducted by Tinker et al. 

(2005) and Jacob et al. (2016) also showed more focus on biophysical impacts in IAs, and that 

they are often explored with more clarity and diversity when compared to human impacts. 

Dendena and Corsi (2015) suggest that social issues raised during a project’s conception and 

development are, in many cases, marginalized compared to biophysical concerns.  

 

The emphasis on biophysical impacts may be problematic in IA for renewable energy projects, if 

they are considered at the expense of addressing impacts to the human environment. If IA is to 

help facilitate renewable energy transition, human impacts and mitigation solutions cannot be 

superficially addressed or not addressed at all during the IA process (Dendena & Corsi, 2015; 

Pope et al., 2013; Murray et al., 2018; Larsen et al., 2018; Hanna, 2016). Renewable energy 

projects are known to cause potentially adverse impacts to the human environment and generate 

social concerns (Spiess et al., 2016; Johansen, 2021; Tabassum-Abbasi et al., 2014; Simla and 

Stanek, 2020; Colvin et al., 2016; Gorayeb et al., 2018; Otto and Leibenath, 2014). Larsen 

(2018) even suggests that human impacts have become the center of conflict for renewable 

energy projects. For example, Shahzad Nazir1et al. (2020) discuss noise and visual impacts as 

concerns constantly associated with wind farm proposals as well concerns about the high 

mortality of birds and bats among with other environmental impacts.  Gorayeb et al. (2018) 

highlight the social opposition of a wind farm in northeast Brazil, emphasizing that the lack of 

information and engagement with local communities to address social impacts created conflict 

between local communities and the government. Colvin et al. (2016) present several human 

impacts associated with wind farm development in Australia, with other examples provided by 
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Spiess et al. (2016), Johansen (2020), Tabassum-Abbasi et al. (2014), and Simla and Stanek 

(2020).   

 

If IAs provide only limited or superficial attention to such impacts and concerns, conflicts can 

emerge between local communities or land users and project proponents risking delays in a 

project’s acceptance and approval. Severe social conflicts can even lead to projects being 

abandoned (Martinez & Komendantova, 2020). Recent literature worldwide has documented 

conflicts between communities and wind energy project developers due to concerns about human 

impacts. Szpak (2019) discussed concerns about the impacts of wind energy projects affecting 

Sammi livelihood in northern Sweden, specifically reindeer herding. In this example, the 

construction of 101 wind turbines on Markbygden, Northern Sweden would occupy 450 km2 of 

Saami reindeer herding areas causing a lost of a quarter of grazing land and directly affecting 

Sámi herders’ livelihoods and wellbeing. Sammi communities argued that their rights as 

Indigenous people have been affected and the communities were not sufficiently consulted on 

the matter. Impacts to the human environment due to renewable energy projects, and resulting 

conflicts, are not unique to wind energy projects. Larsen et al. (2018) for example, illustrate 

similar concerns related to biogas and solar projects; however, Kaldellis et al. (2013) showed that 

the public opinion about photovoltaic projects is generally more positive than for wind energy. 

The limited consideration of impacts to the human environment in project IA can be a source of 

delay in the approval of otherwise important energy transition developments.  

 

5.2 Improving the clarity of mitigation actions  

 Considering the imbalance of biophysical to human impact considerations, most mitigation actions 

identified in the sample of IAs were also for biophysical impacts. A total of 289 mitigation actions 

were identified in the 12 IAs analyzed, of which 239 were presented for the 56 biophysical impacts 

identified (an impact to mitigation ratio of 1:4.3); versus 50 mitigation actions identified across 

the 38 human impacts identified (an impact to mitigation ratio of 1:1.3). Given the ratio of impact 

to mitigation, results suggest that IAs present far more alternatives for managing biophysical 

impacts than social ones. This is problematic, as discussed in the previous section, as unmitigated 

social concerns can play a big part in creating social conflicts and causing delays to project 

approvals (Gorayeb et al., 2018; Szpak, 2019).  
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Results also show that the majority of impact mitigation actions identified in IAs for wind energy 

projects are vague and imprecise in terms of the timing of implementation, how the mitigation will 

be implemented, who is responsible for implementation, and specific locations or extent of the 

mitigation action, among others. This is not surprising or unique to the wind energy sector; the 

challenge has been identified by many scholars and across different sectors (e.g., Carley et al., 

2011; Morrisson-Saunders & Arts, 2005; Noble & Storey, 2004; Larsen et al., 2018). Impact 

mitigation statements need to be precise such that project proponents and regulators can follow up 

on a mitigation action, understand how it was implemented, and verify its effectiveness. Larsen et 

al. (2018), for example, discuss how mitigation actions are not always clear when it comes to 

essential information such as the area that will be implemented, who will be responsible, or what 

the mitigation is aiming to protect. Furthermore, the lack of information can mislead the public 

and stakeholders about the confidence in mitigation solutions and result in implementation of 

actions that are less than certain (Larsen et al. 2018). Gorayeb et al. (2018) explains that conflicts 

increased in a wind farm project in Ceara, Brazil, due to misunderstandings between proposed 

mitigation actions to address impacts, in this case on residential property, and changing values and 

expectations of the local community. If mitigations are presented as tools to address impacts but 

those mitigation are unclear, it is difficult to not only manage the actual impacts but also to ensure 

trust in the project and its management when un-mitigated impacts occur.  This can create 

uncertainty about the impacts of wind energy projects and reduce confidence in mitigation 

measures when they are proposed during IA processes.  

 

 

5.3 Implications for the mitigation hierarchy  

Most of the mitigation actions identified from the sample of IAs were focused on impact 

minimisation, for both biophysical and human impacts, followed by avoidance and repair. This is 

not surprising, as Tinker et al. (2005) and Jacob et al. (2016) argue that minimization of impacts 

is usually the preferred action for both IA authorities and project developers.  Many authors have 

criticized IA for focusing on making adverse impacts “less severe” as opposed to creating 

benefits or avoiding adverse impacts (Pope et al., 2013; Jacob et al., 2016; Squires & Garcia, 

2018). Tallis et al., (2015) argue that this is often seen as a reactive approach to project 

management, and that much greater attention should be given to avoiding impacts earlier in the 
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project planning and design process. Joao et al. (2011) agree, arguing that IA needs to be a 

“proactive agent” and that while minimization is indeed sometimes a necessity, as not all impacts 

can be avoided, greater attention should also be given to improving environmental and social 

outcomes through project design.   

  

That said, it is understandable to an extent that IA focuses largely on reducing the intensity of 

impacts given the limitation to how certain effects can be addressed or avoided at the time a 

wind energy project is proposed. For example, limitations do exist for project developers on 

where wind turbines can be placed due to land use zoning or operational efficiency. This 

research shows a small number of avoidance measures for both biophysical and human impacts. 

It may also be that avoidance measures are discussed in the early stages of the project design 

(Tinker et al., 2005). According to Tallis et al. (2015), for example, avoidance measures are best 

discussed upfront in the project design process, during feasibility studies, indicating that many 

avoidance measures may already considered before the IA process is implemented. This may 

explain why IA reports, such as the ones analyzed in this research, do not include a high number 

of avoidance-based mitigations.  

 

Compensation measures for adverse impacts, the least desirable option in the mitigation 

hierarchy, were present only in small numbers in this research – only 1% of mitigation actions 

for biophysical impacts, and 4% for human impacts. When compensation measures were 

identified, they were primarily monetary. This was not surprising, and aligns with Marshall’s 

(2001) argument that for project proponents it is often more cost-effective to minimize impacts 

and less controversial to avoid impacts from occurring in the first place.  
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Chapter 6 

Conclusion 

 

 

This research improves our understanding of environmental and human impacts of wind energy 

projects and mitigation practices by not only identifying typical impacts and mitigation actions 

but also identifying impacts often deemed to have a high likelihood of significant negative 

effects and for which mitigations are not always clear or are unknown. The analysis presented in 

this research allowed for a better understanding of how information is presented in IA and how 

specific the information is regarding mitigation actions. Understanding how information is 

presented in impact statements provides for a better understanding of the need for more detailed 

descriptions of  impacts and mitigation actions.  The focus of the analysis was wind energy in 

Western Canada. For renewable energy transition, a main challenge to IA is delivery of the 

knowledge that governments, communities, and industry need to efficiently plan for and 

effectively manage the impacts of renewable energy projects (Doelle and Critchley, 2015; Dutta 

et al., 2021; Hanna et al., 2016; McMaster et al., 2021; SSHRC, 2017). Understanding the typical 

impacts from wind energy developments, and mitigation practice, is thus important to advancing 

the effectiveness and efficiency of IA for wind energy project reviews.  

 

Canada has a commitment to reduce GHG emissions to mitigate climate change (Government of 

Canada, 2021a). Renewable energy projects have an important role to play in helping Canada 

achieving its goals (Poelzer et al., 2016). However, the transition to renewable energy systems is 

complex (Bataille et al., 2015). Renewable energy projects can generate adverse impacts and, as 

with any other type of energy project, those impacts need to be identified and addressed (Udofia 

et al., 2017; Ceglarz et al., 2017; Aitken, 2010). However, the number of studies discussing 

renewable energy impacts in the context of IA practice are low in comparison to those situated in 

the traditional fossil fuel energy sector. Wind energy is one of the main new renewable energy 

sources in Canada and has shown considerable growth in the past 10 years (CANWEA, 2020). 

Despite the potential benefits and its growth, wind projects are often met with concerns 

regarding environmental and human impacts. Often wind projects face community opposition, 

and in some instances they generate social conflicts (Gorayebet al., 2018; Songsore & Buzzelli, 

2015; Colvin et al., 2016). 
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IAs are applied to identify potential impacts and propose mitigation measures for addressing 

those impacts. However, IA has been criticized for being inefficient, lacking appropriate 

consideration of social impact concerns, and for having only weak influence during the decision-

making process (Cashmore, 2004; Larsen et al., 2018). From the results of this research, focused 

on wind energy projects in Western Canada, IA reports are significantly more focused on 

identifying and addressing environmental impacts than impacts to the human environment. When 

it comes to mitigation actions, the results also demonstrate that the IA reports pose more tools 

and approaches to address environmental impacts than human impacts – and many mitigation 

actions are vague or imprecise, with some falling into a ‘mitigation black-hole’, meaning that 

they can neither be linked to specific impacts or followed-up and verified. The relative lack of 

attention to impacts to the human environment in IA, and the lack of specificity of regarding 

impact statements and mitigation actions, in part explains recent literature criticizing IA for the 

lack of appropriate consideration of community concerns about project developments. This can 

present a major challenge to IA as a meaningful tool to facilitate renewable energy transition. 

 

The results also suggest limited sharing of information across IA projects – over time and across 

jurisdictions – a challenge that is not limited to wind energy projects (Doelle & Critchley, 2015; 

Noble et al., 2017; Sheate & Partidario, 2010). According to Wong at al (2019), due to concerns 

about data misinterpretation without project context, which could lead to reputational damage, 

proponents are reluctant to share information regarding their project openly. Narrative control 

also adds to the concerns of information sharing. Results show several common impacts across 

the sample of IAs reviewed, different considerable inconsistency in mitigation actions – 

including similar impacts that for some projects had no mitigation actions identified. The 

mitigation actions that were identified as common across projects for the same types of impacts 

were typically vague or imprecise mitigation actions. In part, the lack of commonality in precise 

mitigations might be because each mitigation action is specific to the project’s local context; but 

that is unlikely as Doelle & Critchley (2015) argue that the impacts identified during renewable 

energy projects and their mitigations actions are not always new. 
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The result, however, is that for each wind energy project IA proponents (and regulators) need to 

develop the IA process from the ground up. The result can be a slow, inefficient, and frustrating 

process (Expert Panel, 2017; Sheate & Partidario, 2010). The lack of sharing of information can 

also raise uncertainties for project developers and communities regarding concerns and potential 

impacts, leading to tension between stakeholders (Noble et al., 2017; Hackett et al., 2018). A 

means to share knowledge across projects would be a possible solution to minimize uncertainties 

and possibly speed up the IA process (Ball et al., 2013; Hackett et al., 2018). This may include a 

reference guide of the typical impacts identified for wind energy projects and mitigation actions, 

based on valued components, including information about uncommon impacts as well as the 

mitigation actions addressing those impacts and how effective the mitigation actions were. The 

resource could be living document, electronically updated after the follow up process to convey 

to future project proponents the efficacy of the mitigation actions. The information could be 

made available online, allowing easy access for future project proponents and stakeholders. 

McMaster et al. (2021) similarly suggest that more standard information based on what is 

already known regarding wind energy impacts could provide more clarity and knowledge to 

project proponents and improve IA efficiency. However, the results of this research also suggest 

a need to not only improve communication across projects but also to improve clarity and 

specificity in the description of both impacts and mitigation actions within project IAs. If 

information about typical impacts and mitigation actions are to be shared, it is important that the 

information available is clear enough that it can be applied by the next project. Improving the 

clarity on the information provided in IA reports can also help to minimize community concerns 

and opposition. McMaster et al. (2021) argue that such changes and improvements in general 

guidance for IAs could be done by a national agency, such as the Canadian Council of Ministers 

of the Environment or the Canadian Wind Energy Association. Of course, the types of impacts 

identified in this research from wind energy projects are not unique to Canada (e.g. Gorayebet 

al., 2018; Shahzad Nazir1et al., 2020; Colvin et al., 2016; Szpak, 2019), suggesting that a more 

international information sharing forum may be needed for IA practice globally. 

 

In conclusion, this research helped to identify and classify the impacts of renewable energy 

projects, specifically wind energy, and their mitigation solutions, providing knowledge to 

government, project proponents, and the general public to inform IA application and aid energy 
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transition. Ultimately, the results of this research may be used to help regulators make more 

informed decisions about wind energy projects, provide proponents with guidance on better 

practice for identifying and managing impacts, and enable communities to better understand what 

they can expect from project developments. For future research, a deeper analysis of mitigation 

actions is needed and across a broader sample of IAs to allow researchers to identify other options 

that might not be commonly used, coupled with follow-up assessments to evaluate the 

effectiveness of mitigation measures for addressing the typical or anticipated impacts of wind 

energy projects. Finally, research is needed to address the challenges to sharing information across 

IAs, and to develop the tools and instruments to facilitate knowledge sharing. In addition to 

research, implementing a mechanism for sharing information and a requirement for project 

proponents to do so, would go a long way in addressing current knowledge gaps from project to 

project. These research directions could potentially help project developers, governments, and 

communities be better informed regarding wind energy project impacts and mitigation solutions, 

and increase the efficiency and efficacy of wind project IAs while reducing community concerns, 

social conflicts, and project delays.  
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Value 
Components 

Impacts Mitigation Actions 

Air Quality Increasing levels of 
Dust Emissions 
 

 

Application of dust suppressants, in collaboration with other road users 
and within applicable regulations 

Limiting vehicle speeds to avoid producing dust 

Minimizing double-handling of fill and stockpile materials to limit hours 
that machines are operating 

Covering haul/dump trucks loaded with fine-grained materials to and 
from off-site locations 

The Project will ensure efficient use of vehicles during construction and 
decommissioning 

Wind and temperature will be monitored at one or more meteorological 
towers through the life of the proposed Project 

Adherence to relevant legislation and best management practices such 
as: National ambient air quality objectives for PM and ground  
level ozone (Health Canada 2007); British Columbia air quality objectives 
for PM10 (BC Ministry of Environment 2006); and Canada-wide Standards 
for Particulate Matter and Ozone (Canadian Council of Ministers of the 
Environment 2000) 

Fine material will be moistened or covered during transport to minimize 
dust dispersal on highways and near communities 

Minimizing vehicle trips (i.e. coordinate worker trips) 

Increasing level of 
Fugitive emissions 
and Greenhouse 
gases emissions 

Operating equipment at optimum rated loads 

Turning off equipment when not in use and minimizing vehicle idling; 

Ensuring all heavy-duty diesel on-road vehicles are in good working order 

All Project and contractor vehicles and machinery will comply with 
current emission standards 

The Project will ensure efficient use of vehicles during construction and 
decommissioning 

Minimizing vehicle trips (i.e. coordinate worker trips) 

Relevant air quality legislation, objectives or guidelines will be followed 
including National Ambient Air Quality Objectives for PM and Ground 
Level Ozone, British 42. Quality Wind Project – June 21, 2010 Columbia 
Air Quality Objectives for PM10, and Canada-wide Standards for 
Particulate Matter and Ozone 

Following routine equipment maintenance procedures 

Trucks and machinery will be inspected for compliance with emission 
standards 

Terrain stability 
and Soil 

Increasing levels of 
erosion and 
sedimentation  

Avoiding steep ground where feasible 

Recontouring the installation pads 

Seeding disturbed areas and keeping pole installations away from road 
shoulder areas that slope toward any creeks or streams 

Using geotextiles and lightweight volcanic rock aggregate to minimize the 
volumes and effects of fill soils in soft marshy or boggy areas 

Installing erosion control measures such as culverts and straw bales in 
side ditches 

Retaining local vegetation 

Re-vegetating areas 

Appendix A.1 – Most common Value Components and most common impacts – Biophysical   

 



 

 

53 

 

Terrain stability 
and Soil 

Increasing levels of 
erosion and 
sedimentation  

Topsoil from the construction footprint can be stockpiled and used for re- 
vegetation of lay-down areas, crane pads and back-fill over temporary 
excavations, at completion of construction 

Erosion control measures will be implemented as appropriate, including 
slope design, plastic covers, mulching, and erosion control blankets 

Sediment control measures will be implemented, if required, that could 
include silt fences, pumping water to discharge over vegetated areas, 
sediment basins or sediment control ponds 

Installation of an adequate number of appropriately located cross drain 
culverts and ditch blocks as necessary to reduce the potentially 
detrimental effects of concentrated runoff from road-side ditches 

Construction of embankment fill using approved materials placed and 
compacted in thin layers, and at stable slopes 

Carrying out road construction and upgrading work during relatively dry 
periods if practicable 

Minimizing work during spring breakup when frozen soil is thawing 

Locating the WTGs at an appropriate set back distance from unstable 
areas, as determined by a qualified professional engineer or geoscientist 

Dispersing runoff to avoid concentrating runoff into unstable ground 

Placing waste on gentle gradient, stable slopes away from unstable 
ground 

Seeding exposed soil with an appropriate mix of plant species to improve 
the stability of surface soil layers and reduce the potential for surface soil 
erosion 

Water will be applied to roads during dry conditions to minimize airborne 
dust as required 

Changes to the 
natural drainage 
pattern 

Maintaining natural drainage patterns 

Grading and re-vegetating disturbed areas to disperse runoff and to 
minimize erosion and slope instability 

Using best efforts to choose road alignment that minimizes length, cut 
and fill sections while avoiding glaciolacustrine deposits/organic soil 

Carrying out road construction during relatively dry periods if practicable 
in order to minimize soil erosion risks and avoid “break-up” periods when 
frozen soil is thawing 

Focus on locating the sites in areas with the lowest potential for adverse 
effects during the detailed engineering phase of the Project 

A site-specific review of stability conditions by a qualified professional 
engineer or geoscientist will be conducted for each wind turbine location 

Information on soil quality, drainage and groundwater conditions at 
turbine and road locations will be obtained through subsurface 
investigations 

Disturbed areas can be restored (e.g. vegetated or reseeded with 
appropriate seed mix; recontoured to compliment pre-construction 
drainage patterns, etc.). 
 Salvaged subsoil will be replaced and capped with topsoil and salvaged 
organic material, including woody debris 

Adequately designed culverts and surface drains will be installed for all 
new access roads 

Risk of accidental 
spills causing soil 
contamination 

A spill prevention and contingency plan will be developed as part of an 
environmental management plan 
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Terrain stability 
and Soil 

Risk of accidental 
spills causing soil 
contamination 

Equipment staging areas and any fuel, oil, lubricant, salt, and 
petrochemical storage areas should be located on level grades at least 
100 m from any watercourse  

Any fuel storage site can be isolated by means of dykes or other 
containment methods, within an area having at least 125% of the total 
capacity of fuel storage containers  

Storage containers should be locked  

Spill kits will be maintained on site 

Equipment operators will be trained in spill clean-up and response 
procedures  

Fuelling and maintenance operations will not be left unattended  

fuel nozzles will be equipped with automatic shut off controls to manage 
drips 

Spills will be cleaned up immediately 

Mitigation measures will be monitored during construction and further 
site-specific mitigation will be implemented where required 

Contractor will have an Emergency Response Plan (ERP) in place in 
accordance with the Environmental Management Plan (EMP) 

All crews will be trained on proper implementation of the ERP, including 
accidental spills response 

Trucks and heavy machinery will be inspected on a regular basis to 
minimize the potential for accidental releases of toxic fluids (hydraulic 
fluids, coolant, etc.) 

Designated refuelling/maintenance areas will be environmentally secure 
and located away from watercourses and waterbodies 

Hazardous materials will be stored in designated secure areas. 

Operational control procedure for storage and handling of hazardous 
materials will be implemented and all construction staff will be trained on 
proper implementation of this procedure 

Hydrology Surface water 
contamination 
from accidental 
spills 

Prepare/implement emergency spill response plan 

Provide double-walled fuel storage tanks and drip trays for equipment 

Checking equipment for leaks and undertaking repairs as necessary 

Locating a spill containment kit on-site during construction to respond as 
soon as possible to fuel or lubricant spills from equipment 

Removing accidental spills of significant volume of soil or other material 
on roadways or in ditches. Significant volumes are such that the function 
of the road surfaces, ditches or culvert are impaired 

Impervious secondary containment for fuel or chemical storage areas 

Appropriate and timely disposal of soil, water or waste generated during 
construction 

Provide double-walled fuel storage tanks and Drip trays for equipment 

Trucks and heavy machinery will be inspected on a regular basis to 
minimize the potential for accidental releases of toxic fluids (hydraulic 
fluids, coolant, etc.)  

Designated refuelling/maintenance areas will be environmentally secure 
and located away from watercourses and waterbodies 

Hazardous materials will be stored in designated secure areas 

Vegetation and 
Habitat 

Habitat 
fragmentation/loss  

Minimize vegetation clearing 

Revegetate temporarily disturbed construction sites 

Conduct pre-construction surveys 

Salvage tender sedge 
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Vegetation and 
Habitat 

Habitat 
fragmentation/loss 

Ensure equipment is clean 

Prohibit vehicular travel outside the proposed Project footprint 

Implement an emergency response plan 

A buffer will be maintained around the perimeter of any at-risk plant or 
population, to protect the plant and habitat such that microclimate 
conditions are maintained in the core area 

Road maintenance activities, such as mowing or use of herbicides and 
pesticides will be conducted so as not to destroy or alter adjacent at-risk 
plant occurrences 

Minimize duration of disturbance 

Use barrier fencing 

Undertake vegetation maintenance 

Introduction of 
exotic plant species 
on the project area 
(weeds) 

Equipment and vehicles from outside the Peace District or from parts of 
the Peace District that have known noxious plant infestations will be 
cleaned before they enter the site 

Only native species and/or approved forestry seed mixes will be used for 
hydroseeding and planting 

Re-vegetate exposed soils as soon as possible 

Maintain vegetation intact where possible along transmission lines and 
road sides 

Wildlife and 
Wildlife habitat 

Bird's Collision and 
disorientation with 
turbines (birds on 
migration) 

Use raptor friendly configuration for all above ground transmission lines 
as per Edison Electric and United States Fish and Wildlife Service 

Site transmission lines below canopy height to reduce risk to flying birds  

Based on monitoring results for adaptive management, altering turbine 
operation schedules to minimize migratory bird mortality as per the 
Raptor and migratory bird and bat monitoring and follow-up program 

Use of Lightning system  

Increasing mortality 
by collision with 
turbines (bats) 

Restricting road construction near known bat roosts (i.e., escarpment rim 
rocks and roost trees identified by pre-construction surveys) to outside 
the period when female bats are pregnant or nursing (May 1 to August 
15) 

Identifying (during pre-construction surveys) and retaining trees/snags 
that are potential or known bat roosts 

Proponent will be altering the turbine operation schedules to minimize 
collision risk 

Use of a lightening system  

Aquatic 
Environmental 

Water 
contamination by 
run-off of turbid 
water and spills 
affecting fish and 
fish habitat 

Erosion control measures to minimize exposed soils during construction 

Controlling run-off from work areas so that surface water flow does not 
reach watercourses and controlling sediment in the event that surface 
flow does reach watercourses 

Installing watercourse crossings (above fish-bearing reaches) during 
appropriate in-stream work timing windows to minimize the potential for 
sedimentation 

Conducting any refueling and servicing of equipment at least 15 meters 
away from any watercourse and, if fuel storage is required, using double-
walled containers to contain any leaks 

Locating a spill containment kit on-site during construction to respond as 
soon as possible to fuel or lubricant spills from equipment/spill 
emergency plan 

Checking equipment for leaks and undertaking repairs as necessary 
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Aquatic 
Environmental 

Water 
contamination by 
run-off of turbid 
water and spills 
affecting fish and 
fish habitat 

Managing spills of fuel or other flammable liquids greater than 100 litres 
in accordance with legislation and guidelines 

Undertaking environmental monitoring during construction to ensure 
that the above measures are followed and effective. The Proponent does 
not expect monitoring to be required during Project operations but does 
expect to undertake monitoring during decommissioning 

Disturbance or loss 
of riparian habitat 
affecting aquatic 
life 

Vegetation removal will be minimized and disturbance of vegetation and 
soils near surface waters will be minimized 

Temporary construction areas will be re-vegetated to minimize 
impervious area 

A minimum setback of 15 m from non-fish bearing watercourses, and 
greater 
distance from fish bearing watercourses will be established to protect fish 
and water quality from potential impacts resulting from accidental spills 
during construction 

Construction of overhead interconnection cables will follow the 
mitigation outlined in the DFO Operational Statement for Overhead Line 
Construction as much as is practical 

The practices outlined in DFO Operational Statement for Maintenance of 
Riparian Vegetation in Existing Rights-of-Way will be followed 
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Value Components  Most Common Impacts Mitigation Actions 

Transportation  Increased traffic in the area  Creating a traffic management plan 

Ongoing communication with MoTI and road 
tenure holders will be maintained during detailed 
design, permitting and construction planning to 
work toward shared use agreements for roads and, 
where applicable, retired roads 

The DTR traffic and highways regulation bylaw No. 
454,2002, which regulates traffic and the use of 
highways within the DTR will be adhered to 

Appropriate signage and safety advisories will be 
prepared to indicate construction activities and 
alternate routes 

An Emergency Response Plan for the construction, 
operation, and decommissioning phases of the 
Project will be developed and implemented 

Demography & 
Health 

Increase the demand on 
available temporary 
accommodations  

Hiring local  

Heritage Resources  
 

Potential Impacts on 
archeological sites 

If construction cannot be confined to areas of low 
archaeological potential, an AIA will be done, 
under a Heritage Conservation Act permit, for 
those areas prior to any ground altering activity in 
moderate and low moderate potential areas. If 
archaeological sites are found, they will be 
recorded according to Archaeological Branch 
standards and any artifacts collected will be turned 
over to an appropriate repository 

Flag or fence archaeological sites prior to 
construction activities in the vicinity of the sites to 
avoid accidental effects during construction (to be 
completed by a qualified archaeologist) 

Systematic data recovery prior to ground 
disturbing activities if the site cannot be 
avoided 

In those instances where areas of modelled CMT, 
low-moderate or moderate archaeological 
potential conflict with proposed ground-altering 
development, avoidance of the area is the 
preferred mitigative measure 

Show archaeological sites on Project construction 
plans to avoid accidental effects during 
construction 

If an AIA identifies archaeological sites in conflict 
with development, which cannot reasonable be 
avoided, additional archaeological work, such as 
mitigative data recovery and archaeological 
monitoring will be done under a section 14 permit, 
in consultation with the Archaeology Branch 

Appendix A.2– Most common Value Components and most common impacts - Human 
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Heritage Resources  
 

Potential Impacts on 
archeological sites 

Archaeological site avoidance through Project 
redesign where possible 

Recreation  Affect the recreation 
activities  

Advise recreational groups prior to, during and 
following construction of any issues related to 
safety and the effect of routing on trials 

Review recreation guidelines and recreation 
signage  

Discuss recreational reserves with regulatory 
agencies 

Discuss paleontological resources with the Peace 
Region Palaeontology Research Centre 

First Nation  Loss of use of traditional 
areas and traditional use 
sites 

Involve KLMSS and KLCN in selection of mitigation 
and monitoring measures 

Ensure that safe access is available to the Project 
Area for trapping and plant 
gathering activities during construction and 
operation 

Consult with KLMSS and KLCN in relation to re-
vegetation plans to be 
implemented during decommissioning 

On-going consultation and avoidance of sites; 
consideration of other traditional use sites; 
minimize footprint and re-vegetate 

 
 


