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Abstract. Green and sustainable building standards strongly influence sustainable building 

activities. Therefore, it is essential to assess how current standards contribute to achieving the 

United Nations’ Sustainable Development Goals (SDGs). A comprehensive catalogue is 

developed, and the analysis of overlaps between the standard and the SDGs is automated through 

direct content analysis. LEED V4.1 BD+C for New Construction is selected as the leading green 

building standard globally. Similar to previous work, LEED generates matches with eight SDGs 

– SDG3 (health), SDG12 (sustainable consumption and production), SDG 11 (sustainable cities) 

being the highest-ranked, respectively This content analysis is complemented with a qualitative 

analysis founded on innovation and risk-management theory, to assess the transformative 

capacity of the standard. The findings indicate that only about 6% of LEED’s score calls for 

positive value creation and transformative change, with most of its credits directed towards the 

management and reduction of known building instigated environmental risks. The research 

concludes that while there are overlaps between the LEED credits and the SDGs' topics, further 

research is needed to validate its contribution to realizing the 2030 Agenda empirically.  

1. Introduction 

Globally, buildings are some of the largest consumers of energy, water, raw materials and a major 

contributor to greenhouse gas emissions, water effluents and landfill waste [1–4]. While buildings’ 

environmental consequences need to be managed and reduced, researchers have also focused on 

studying the potential contributions of buildings in sustainable development efforts, especially with the 

expected expansion of construction activities in the coming years [5]. From this lens, sustainable 

buildings move beyond the reduction of energy use, emissions and resource consumption to create socio-

economic, cultural and wellbeing benefits [6–9]. Today, the 17 Sustainable Development Goals (SDGs) 

[10,11] are seen as a unifying framework for studying sustainable development activities and have been 

successful in aligning efforts of researchers and practitioners in that regard [12]. Researchers have been 

proactive in studying the 2030 Agenda's goals and targets, their synergies and trade-offs, as well as the 

contribution of different sectors, tools, technologies, and policies to achieving the SDGs [13–19]. Green 

building rating systems have gained prominence in the building sector to improve projects’ sustainability 

potential. Public agencies are increasingly institutionalizing green building rating systems to 

demonstrate their commitment to sustainable development and integrating them into their policy 

frameworks [20]. The available rating systems have been studied extensively [21–24]. From the 

available literature, it can be concluded that the LEED is one of the most widely adopted tools, and it 
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also offers one of the most comprehensive coverage for green building concerns compared to other 

international or regional systems [21,23].  

 

The alignment of green rating systems, and in specific LEED, and the SDGs is the topic of recent studies. 

The issuer of the system also that they significantly contribute to attaining the SDGs beyond SDG11 

(sustainable cities and communities) and SDG7 (energy) [25]. Alawneh el al. used regional expert 

assessment through a Delphi method to determine the alignment and level of contribution of LEED-

assessed green buildings to the SDGs in Jordan [26]. In the series of studies they published [26–28], it 

was concluded that LEED criteria could contribute to up to nine SDGs (namely, 3, 6, 7, 8, 9, 11, 12, 13 

and 15). In another study, Wen et al. studied how the criteria of two green building rating tools, LEED 

and DGNG, contribute to the sustainable development goals and their targets [29]. They used a 

qualitative method to measure the relation between the tools’ indicators and the SDGs, and they found 

that LEED has a contribution value of more than 10% in SDGs 3 (health), 6 (water), 7 (energy), 11 

(sustainable cities), 12 (sustainable consumption and production), with significant contributions in 

individual targets within these goals.  

 

While these publications offer some insights on the topic, they approach the topic with an a priori 

assumption that connections and overlaps must exist and is therefore concerned with quantifying 

nominal "contributions". However, the alignment measures they propose between the tools such as 

LEED and the SDGs remain difficult their dependence of expert elicitation processes, and they consider 

similarities between topics as potential contributions to the achievement of the 2030 agenda. Most 

importantly, these studies have not studied green building standards’ ability to meet the agenda’s call 

for transformative change [26–28,30]. Thus, two key imperative gaps emerge, namely the need for: 1) 

a replicable and reliable method for identifying overlaps between green building rating tools and the 

SDGs, and 2) a procedure for identifying the contribution of green building rating tools to the 

transformative objective of the 2030 agenda. 

 

This reliance on green rating systems requires a critical evaluation of their relevance and potential 

contribution to SDG achievement. This research addresses these gaps by developing a semi-automated 

direct content-analysis-based methodology for identifying overlaps between green building rating 

systems and the SDGs and their targets. A framework for assessing the ability of individual criteria and 

indicators of green rating systems to contribute to sustainable transformations is developed. LEED® 

V4.1 BD+C for new construction rating system [31] (shortened to LEED) is selected for this study for 

its wide adoption and international prevalence [23]. 

 

2. Methods 

In the analysis of LEED, the intent of the prerequisites and credits is extracted from the tool’s published 

guideline [31]. These concise texts present the objectives and rationale of the specific indicator and are 

the most aligned, semantically, with the goals and targets of the 2030 agenda. From LEED V4.1 BD+C 

for New Construction published guideline [31], information for 54 attributes distributed across nine 

categories (604 words) are extracted. Two main methods are used for the analysis.  

2.1. Assessing the overlaps between LEED and the SDGs and their targets 

A detailed keyword and subject catalogue is developed to map the overlaps between sustainable building 

standards and the SDGs. This method was recently employed in several studies to map the contribution 

of research to the SDGs [32,33], and by academic publishers and indexing, providers to assess the 

contribution of research institutions and researchers to the topics addressed by the 2030 Agenda [34]. 

The already-published catalogues are merged [32–36], and improvements are made to ensure the 

comprehensive coverage of all 169 targets; through the systematic examination of the SDG Data 

Structure Definition [37] and the official agenda’s document [10], using direct content analysis tools. 
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This is to guarantee that target- and goal-specific keywords and subjects are included. The keywords are 

then revised to ensure non-overlapping terms between goals, targets and distinction between goal- and 

target-specific keywords. This is achieved by adding specificity to subjects across SDGs. Synonyms for 

basic words and terms are identified and marked with asterisks (*) to signal variations, such as 

pluralization, alternate tenses, and differently spelt words with identical meanings. The open-access R-

Studio package is deployed to develop a code that uses the catalog to document and tally matches 

between the catalog and text files to emulate an automated direct content analysis process.  

 

The R-code results are compared to a qualitative assessment conducted on the texts. In this validation, 

a selection of textual content from five industry-specific sustainability standards beyond LEED V4.1 

BD+C for New Construction are analyzed: namely, LEED for Operation and Management, BOMA 

BEST V3 for the Universal Category [38], GRESB 2020 Real-Estate for Performance and GRESB for 

Development and STARS [39]. The five standards’ intents are coded based on their overlaps with the 

goals and targets of the 2030 Agenda, independent of the keyword catalog. The catalog is then developed 

to ensure the consistency between the code output and the qualitative assessment. The final catalog 

featured 1,503 keywords distributed across the 17 SDGs, with 564 terms including asterisks. As 

expected, the catalog entries for each SDG are correlated at a significance level of 0.1% with the text 

length of the goal and its target in the in the original UN document, and with the number of targets in 

the goal (with an average of 8.57 words per target and a standard deviation of 2.24 words). 

2.2. Studying LEED’s transformative sustainable development potential 

Three major published frameworks are combined: Fletcher & Goggin’s [40] three-step structure for eco-

design (product, outcome, and need-focused design), Ceschin & Gaziulusoy’s [41] four-step evolution 

of design for sustainability (product, product-service system, spatial-social and socio-technical system 

innovation levels), and Dyllick et al.’s [42,43] three-level frameworks for business and product 

sustainability (risk management and harm reduction with selective improvements, integrated and 

systemic management and design, and holistic improvements focused on overcoming critical challenges 

and creating value). The design and organizational perspectives is complemented with risk management 

theory, explicitly suggesting that more nuanced approaches to sustainability move from a preventative 

to a precautionary approach to risk (as proposed by Harremoës et al. [44], and synthesized by Cucuzzella 

[45]). A four-level transformative-potential framework presented in Table 1 is suggested and is used to 

conduct a qualitative assessment of LEED’s credits and prerequisites using an expert-elicitation process 

[46]. 
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Table 1. Four-Levels sustainable development transformative- capacity framework 

 Definition Approach to sustainability Approach to risk Sample 

signalling 

keywords 

Level 0 “Business as usual” - - - 

Level 1 Creating better outcomes 

through incremental 

improvements  

Harm and negative-impact 

reduction 

Management of a known risk 

(preventative) 

Reduce; 

manage 

Level 2 Creating better outcomes 

through integrated 

improvements across the 

(environmental, social, 

and economic dimensions 

Synergistic triple bottom 

line management  

Integrated approach for 

managing known risks 

(preventative) 

Promote; 

conserve 

Level 3 Creating ‘good’ and 

positive outcomes and 

public benefits by 

holistically tackling 

critical challenges 

A holistic and collectivistic 

approach focused on 

creating new positive 

values. 

An integrated approach to the 

identification and management 

of known risks (preventative) 

complemented with an 

exploratory approach based on 

scenario building 

(precautionary) 

Create; 

revitalize 

* The definition of economy focuses on the provision of economic benefits for a given locality or community 

 

3. Results and discussion 

3.1. The overlaps between LEED and the SDGs and their targets 

Overall, approximately 21% of the LEED intent texts matched with the catalogue. The text matched 

with keywords from 8 SDGs and 15 targets. LEED text matches most with keywords from SDG3 

(5.46%), followed by SDG12 (4.64%), and SDG11 (3.97%). SDGs 6, 7, 8, 13 and 15 featured matches 

below 3%. Figure 1 presents these findings. Single LEED credits and prerequisites connected with 

multiple SDGs, with the 54 intents analyzed creating 66 connections overall: an average of 1.22 SDG-

links per credit/prerequisite and a standard deviation of 1.1. The most significant number of connections 

were also with SDGs 3, 11 and 12. These findings are presented in Table 3, in section 3.2.  

 

 

Figure 1. Overlaps between LEED intents and the SDGs and their targets. 
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From the total, 14.6% of the matches were with goal level keywords (i.e. generic keywords that link to 

the topic of the SDG but not specific to any of the SDG’s targets), and 6.4% matches were with target-

level keywords (i.e. keywords that link to the specific topics of the agenda’s targets). For example, 

LEED presents many requirements related to health and wellbeing (both physical and mental), which 

match with the general topic of SDG 3. However, only a very small number of credits and prerequisites 

in LEED are linked to SDG 3’s targets. In fact, the LEED standard mainly, and rightfully, matched only 

matched with targets that focus on chemical exposure, as it relates to  VOCs in buildings) and tobacco 

control. Similarly, in SDG 15 and 8, LEED matches with the general topic of the goals but does not 

address the specific subjects of their targets. Adversely, LEED matches significantly with the targets of 

SDGs 12, 11 and 7 (by decreasing order, as seen in Figure 1), indicating a more substantial overlap 

between the concerns of the agenda and potential concrete contributions in the areas of sustainable 

consumption and production, sustainable cities and energy. Table 2 presents the full matching results 

between LEED intent texts’ and the 2030 agenda’s goals and targets.  

 

When comparing the matching or alignment results obtained with that of this Alawneh el al. [26–28] 

and Wen et al. [29], we find them consistent on the goal level, except SDG 9 (Industrial innovation and 

infrastructure). Overall, our findings are consistent with previously published work, showcasing close 

to 90% match on the goal level. This suggests that our computerized content analysis, which is faster 

and less demanding of human input, effectively replaces quantitative and laborious qualitative methods 

such as Delphi.  

 

Previous publications have matched transit issues (access and alternative means of transport) and energy 

to the infrastructure and innovation. Alawneh el al. [26–28] and Wen et al. [29] both matched renewable 

energy and building-level innovations with the goal, with Wen et al. [29] aligning it to target 9.4. 

However, target 9.4 is focused on industries and industrial processes, which is beyond the scope of 

LEED’s new construction guidelines. Also, Wen et al. [29] matched transit issues with target 9.1, yet 

the target’s focus is on rural access and transit mode diversification, which are issues that are arguably 

beyond the scope of building projects assessed by LEED new construction scheme. While issues of 

transit access are considered in LEED, they arguably align more significantly with SDG 11 and its 

targets (e.g. target 11.2 that focuses on access to transit). Some of the targets Wen et al. [29] reported as 

aligned with LEED arguably fall beyond the scope of buildings and construction, such as target 3.4, 

which aims to reduce premature mortality from non-communicable and chronic illnesses. Additionally, 

for SDG 15, Wen et al. [29] matched LEED site selection criteria with a multitude of targets. However, 

the LEED’s guidelines only remotely link to the suggested targets, which are more policy and legislation 

focused on national-level action. Table 2 presents the complete comparison between the results of the 

R-code content analysis and the findings of Alawneh el al. [26–28] and Wen et al. [29].  

 

Table 2. Overlaps between LEED and SDGs and targets – in this study and published works [26–29] 

 
Alawneh el al. 

[26–28] 

Wen et al. 

[29] 
This study    

Alawneh el al. 

[26–28] 

Wen et al. 

[29] 
This study 

SDG 3 ✓ ✓ ✓  SDG 12  ✓ ✓ ✓ 

3.04 

NA 

✓   12.02   ✓ ✓ 

3.09 ✓ ✓  12.04   ✓ ✓ 

3.a  ✓  12.05   ✓ ✓ 

SDG 6 ✓ ✓ ✓  12.6   ✓  

6.03 
NA 

✓ ✓  11.b   ✓  

6.04 ✓   SDG 13  ✓ ✓ ✓ 
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6.05 ✓ ✓  13.01   ✓  

SDG 7 ✓ ✓ ✓  13.02   ✓  

7.01 

NA 

✓   SDG 15  ✓ ✓ ✓ 

7.02 ✓ ✓  15.01  

NA 

✓  

7.03 ✓ ✓  15.02  ✓  

7.b  ✓  15.03  ✓ ✓ 

SDG 8 ✓ ✓ ✓  15.05  ✓  

8.04 

NA 

✓   15.08  ✓  

8.07 ✓   15.09  ✓  

8.08  ✓  Shading indicates overlaps in findings 

SDG 9 ✓ ✓        

9.01 
NA 

✓        

9.04 ✓        

SDG 11 ✓ ✓ ✓       

11.02 

NA 

✓ ✓       

11.03 ✓        

11.05 ✓        

11.06 ✓ ✓       

11.07 ✓ ✓       

11.b ✓        

3.2. LEED’s transformative sustainable development capacity 

Analyzing the LEED’s credit and prerequisites intents based on the 4-level framework presented in 

Table 1, it is found that 38 of the 54 intents are considered level 1, which is only focused on harm 

reduction and limiting or managing negative impacts mainly in the environmental dimension. About 

20% of the connections. Only six intents were found to be advocating for a business as usual (level-0), 

7 for triple bottom line management (level-2), and only 3 that are focused on creating new-positive value 

(level-3). However, when the connections these intents make with the 2030 Agenda is analyzed, it is 

clear that the six intents assessed at level 0 make the least connections with the SDGs (4.6% of the 66 

connections), followed by level-3 intents (7.6%), then level-2 intents (19.7%), and level 1 intents with 

the highest number of connection (68.1%). Level 2 and 3 intents, which represent an approach to 

sustainability that moves beyond harm reduction, connect with SDG 3, 11, 13 and 15, with Level 3 

intents (creating positive value and highest potential for transformative development) connecting to 

SDG 3 and 11. These findings are well aligned with the intent of the LEED system as per its issuer [25]. 

These findings are clear in Table 3.  
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Table 3. Connections between LEED credits and prerequisites and the SDGs, and their respective sustainable 

development transformative capacity 
 Total Level 0 Level 1 Level 2 Level 3 

SGD 3 17  9 5 3 

SGD 6 5 1 4   

SGD 7 3 1 2   

SGD 8 6  6   

SGD 11 14  7 5 2 

SGD 12 10 1 9   

SGD 13 5  4 1  

SGD 15 6  4 2  

Total 66 3 45 13 5 

 

When looking at the relative score allocated to each of these levels, close to 66% of the available LEED 

credits are allocated to Level-1 intents, highlighting the standard’s focus on reducing negative 

environmental impact and managing known building-induced risks. Only about 6% of the credits are 

allocated to potentially transformative intents, and about 25% to triple-bottom-line management intents, 

which balance between the environmental, social and economic dimensions. This is clear in Figure 2. 

Appendix A presents the details of the LEED credits and prerequisites that were assessed above level 1.  

 

 

Figure 2. Score allocated in 

LEED to each of the four 

levels of sustainable 

development transformative 

capacity 

 

The direct content analysis presented confirms the overlaps between LEED and the SDGs and their 

targets, which were previously reported. However, we arrive at these comparable conclusions using a 

less laborious semi-automated process. However, the qualitative assessment of LEED’s sustainable 

development transformative capacity highlights a misalignment of the value-driven approaches required to 

realize the broader transformative vision of the 2030 Agenda. An analysis of possible relationships – 

such as synergies and trade-offs [13,15] or direct or indirect relationships [47] – between different 

sectors, standards and the 2030 Agenda is needed to provide more clarity and better transparency on 

their contribution. 
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4. Conclusion and Recommendations 

This study sought to analyze the contribution of LEED V4.1 BD+C for New Construction to achieving 

the 2030 Agenda, its SDGs and their targets. Two key gaps were identified in the current knowledge on 

the topic: 1) a replicable and reliable method for identifying overlaps between green building rating 

tools and the SDGs, and 2) a procedure for identifying the contribution of green building rating tools to 

the transformative objective of the 2030 agenda. 

 

This research answers the first gap by designing, developing, and validating a clear and replicable 

methodology for analyzing overlaps between sustainable building standards and the SDGs, using a 

direct content analysis approach used by researchers [32,33] and publishers [34] for this purpose. The 

research uses the target-level catalog developed to study intents of LEED credits and prerequisites. It 

arrives at findings in line with the published work by Alawneh el al. [26–28] and Wen et al. [29].  

The main findings are:  

• 14.6% of the matches were with goal level keywords (i.e. generic keywords that link to the 

topic of the SDG but not specific to any of the SDG’s targets), and 6.4% matches were with 

target-level keywords (i.e. keywords that link to the specific topics of the agenda’s targets). 

• Highest matches are for SDG3 (5.46%), followed by SDG12 (4.64%), and SDG11 (3.97%). 

SDGs 6, 7, 8, 13 and 15 featured matches below 3%. 

 

The research addressed the second gap by proposing a 4-levels framework for assessing building 

standards' sustainable development transformative capacity. It was found that  

• more than 50% of LEED’s credits and attributes are focused on harm reduction and 

management of environmental risks posed by buildings. 
• Only six intents were found to be advocating for a business as usual (level-0), 7 for triple 

bottom line management (level-2), and only 3 that are focused on creating new-positive value 

(level-3). 
• The score distribution of the standard follows the same trend.  

 

The research findings complement the available work on the topic: highlighting that overlaps in topics 

between LEED and the SDGs do not automatically translate to contribution to the 2030 Agenda – 

when there are disparities in the approach to sustainability and risk management.  
 

We recommend that building and real estate researchers use evidence-based approaches, case studies, 

and control trials to validate theoretical contributions (i.e. those that fall beyond direct topic/subject 

matches) to serve policymakers and practitioners better. Ultimately, we propose that more 

transformational, contextual, and comprehensive standards [48] that are fundamentally designed around 

the SDGs are needed for the industry to contribute to the 2030 Agenda meaningfully.  
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5. Appendix A: Credits and prerequisites moving beyond harm reduction and their analysis 

Category Name Score 
Transformative 

potential 

SGD 

3 
11 13 15 3.09 11.02 11.07 

Location and 

Transportation 

LEED for 

Neighborhood 

Development 

Location 

16 2 X X      

Location and 

Transportation 
High Priority Site 2 3 X X      

Location and 

Transportation 

Surrounding 

Density and 

Diverse Uses 

5 2 X X  X  X  

Location and 

Transportation 

Access to Quality 

Transit 
5 2 X X X  X X  

Location and 

Transportation 
Bicycle Facilities 1 2 X X    X  

Sustainable Sites Open Space 1 3 X X     X 

Sustainable Sites 
Light Pollution 

Reduction 
1 2    X    

Indoor 

Environmental 

Quality 

Daylight 3 2 X       

Indoor 

Environmental 

Quality 

Quality Views 1 2  X      

Regional Priority 
Regional Priority: 

Specific Credit 
4 3 X       
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