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Introduction 
The research Green Living Technologies: What is Missing in the Standards? is an extensive analysis 
of 29 documents related to the design of green living roofs and façades/walls, with a view to 
identify the quality and effectiveness of the current requirements and suggestions for green living 
technologies and systems. This research will identify if existing documents are still applicable to 
the newest, state-of-the-art green technologies and applications, or if they are outdated, 
insufficient, or irrelevant.  
 
In recent years, green living technologies (i.e., vegetative systems, green roofs/façades, 
roof/vertical gardens, etc.) have taken advantage of the most recent technical advances in the 
field of agronomy and have applied them to the design of architecture. The application of green 
living technologies to tall buildings has also become more popular, due to the appreciation 
building occupants and marketability for developers. Moreover, the positive reception from 
general public and city governments, when these systems are applied to buildings and 
infrastructure, have encouraged designers to incorporate the most advanced green living 
elements inside and around new buildings.  
 
For decades, extensive green roofs have been successfully applied to buildings and thorough 
research and guidelines have been developed for these systems, but other green systems are 
becoming popular, including intensive green roofs and green façades. Due to the increase in the 
amount of these systems and the level of new technologies involved, development of standards, 
guidelines, and research in the green living technology field is imperative to the continued 
improvement in new systems, as well as ensuring the safety and success of existing systems. 
 
Of the 29 documents examined, 12 are standards developed exclusively for green living systems. 
The remaining 17 documents are handbooks, building codes, city codes, etc., which were included 
in this research to understand if standards and other official documents provide enough 
information to ensure that safety and success is achieved in the design, construction and 
maintenance of green roofs and green façades/walls. It is now the time to ask if the standards are 
still applicable to the most state-of-the-art green living technologies or if they need to be 
expanded. In contrast, and perhaps more importantly, do existing requirements and standards still 
allow enough freedom, so that the green living technology industry can continue to develop and 
improve the existing systems.  
 
Research Objectives 
The main research objective was to analyze the international standards for green living 
technologies (vegetative roofs/façades/walls) and address the following concerns for 4 main 
topics in the design, construction, and maintenance of the green systems: 

1) Fire Risk / Fire Safety: Are green living technologies a fire hazard? Which documents 
provide information on designing green systems for fire resistance and fire safety? Are the 
guidelines, requirements, and standards outlined in these documents enough to ensure 
adequate fire safety? 

2) Wind Design: Are green living technologies susceptible to wind forces? Which documents 
provide information on designing green systems to resist and combat wind forces? Are the 
guidelines, requirements, and standards outlined in these documents enough to ensure 
that the success of green systems and safety of building occupants is not affect by wind? 

3) Irrigation: Which documents provide information on the irrigation systems used in green 
living technologies? Are the guidelines, requirements, and standards outlined in these 



documents enough to ensure that green systems are given sufficient irrigation for success? 
Can irrigation be used as a method the combat fire/increase fire resistance? 

4) Maintenance / Cost Estimation: Which documents provide information on the 
maintenance of green living technologies? Are the guidelines, requirements, and standards 
outlined in these documents enough to ensure that green systems are provided enough 
maintenance for success? Do the guidelines, requirements, and standards provide enough 
information to ensure that the developer, building manager, designer, etc. are aware of all 
costs related to the maintenance of each green system? What effect will maintenance 
have on the overall safety of the green systems? 

 
All these questions require technical and precise answers; this research aims to determine which 
documents provide sufficient information to ensure all safety measures are met for the 4 topics 
examined (i.e., fire design, wind design, irrigation, and maintenance). This analysis will identify the 
standards, guidelines, research reports, etc. that provide answers to these questions and the 
topics that require further clarifications or research.  
 
Methodology 
The research was conducted in an analytical process, with a view to identify how and to what 
extent the 4 topics are addressed in each document. This analytical process was conducted with 
the following research actions: 
 
1) Identification and selection of documents: 
The selection of documents was decided through suggestions from the peer review team of 
experts in the green building/sustainability, fire safety, landscaping, tall building, and wind design 
industry and through research conducted by the research team. The various documents could be 
classified in different categories: standards, guidelines, regulations, codes, research reports, 
guides from local authorities, and papers. 
 
All of the documents suggested by the peer reviewers were included and analyzed in this research. 
Although some of the topics discussed in the suggested documents were outside of the scope of 
this research (i.e., fire risk/safety, wind design, irrigation, and maintenance for green living 
technologies), the documents did contribute to enriching the overall knowledge of the topics and 
identified areas where new considerations should be taken, specifically the integration of 
requirements for green living systems into standards and building codes. 
 
2) Document analysis: 
Each document has been analyzed and the summarized with the following contents: 

1) A brief description of the document and identification of the system and/or topics that are 
addressed; 

2) The structure of the document (number and name of sections, chapters, appendixes, etc.) 
3) Strengths and limitations of the documents, if any; 
4) Identification of the sections within each document that address each of the four topics 

(i.e., fire risk/safety, wind design, irrigation, maintenance). 
 

3) Creation of a summary table and extraction of document contents: 
Following the identification of the sections in each document where the fire risk/safety, wind 
design, irrigation, and maintenance are discussed, an extraction of the information was performed 
in 2 phases: 



1) Creation of a table: 
The creation of a summary table was performed to share the research findings with the 
peer reviewers and the readers of the research report in a clear and concise manner. This 
is done to indentify the standards, guidelines, codes, etc. that are available, and identify 
which of these documents provide extensive (or limited) information for each topic.  

2) Direct extraction of the contents of each document: 
The direct extraction of the contents of each document was performed to provide 
Underwriters Laboratories (UL), the sponsor of this research report, with the exact wording 
and technical details provided in each document. This task was performed to provide the 
sponsor (UL) an easier method to directly reference the exact contents of each of the 
purchased document, where the 4 topics are discussed.  

 
Due to the copyright restrictions of the purchased documents, this direct extraction of the 
document contents could not be shared, so the table and the document summaries were created 
to inform any reader, outside of the research sponsor, of which documents would be the most 
helpful for their specific research or green living technology project. The table is organized to 
provide information about each document in a readable and simple manner. The information 
provided for each document includes:  

• The type of document (i.e., standard, code, research report paper, etc.);  
• Document information (i.e., title, authors, number of pages, publication year);  
• Whether the document focuses on green living façades, roofs, or both;  
• Which specific chapters, sections, tables, etc. provide information on each of the 4 topics, 

if applicable; 
• The brief description of the contents of the chapters, sections, tables, etc. (if any) where 

the four topics are discussed. 
 
The table is organized as follows: 

n° Document Roof / 
Façade 

Fire Risk /  
Fire Safety Wind Design Irrigation Maintenance /  

Cost Estimation 

Type of documents (i.e., standard, code, research report, paper, etc.) 

n° Author, Title, 
# of Pages 
Year 

Roof or 
Façade 

Identify the sections in each document where the respective topics are discussed and 
provide a summary of the content of the sections. 

 
The aim of this is to provide the reader with a clear method to identify where, and to what extent, 
each topic is discussed, without compromising the intellectual property of each document. 
 
4) Creation of comparative table (for sponsor use only): 
An additional table is created comparing the exact dimensional data provided by 10 of the 
standards analyzed. This includes exact requirements for the green living technologies, including 
minimum requirements, ranges of dimensions, technical layering specifications, etc. This allowed a 
method for the sponsor to directly compare the data between standards. Due to the copyright 
restrictions of the purchased documents, this direct extraction of the dimensions could not be 
shared externally.  
 
Preliminary Considerations: 
Of all analyzed documents, the following main considerations can be made: 



1) Through the extensive analysis of each document, it became clear that the mention of 
green façades/walls in existing documents devoted to green living technologies is rare; 
green façades/walls are only extensively discussed in two of the documents analyzed. The 
primary scope of this research was to analyze standards, and at this time no standards 
have been developed for green façades/walls. This could be due to a variety of reasons: 
compared to green roofs, green façades/walls are a more rare and recent design feature; 
there is a broad range of different types of vertical green systems (i.e., climbing plants, 
hydroponic walls, vertical green wall panels, etc.), making it much more difficult to create a 
standard that provides information for all aspects of each system; new types of systems 
are still being studied, tested, designed, and produced. For this reason, this research 
focuses on the concerns of green roofs, except for where is explicitly stated otherwise. 

2) Like green façades/walls, the application of green living systems on tall buildings is another 
topic that in not thoroughly discussed in the analyzed documents. References to buildings 
over 150 ft (45.7 m) are only made in two of the standards: ANSI/SPRI VF1 specifies that 
external wind design and fire design experts should be consulted for buildings with green 
systems that exceed this height; the FM Global Property Loss Prevention Data Sheets 
specify that perimeter parapet walls are needed for buildings with green systems that 
exceed this height.  

3) As stated, this research focuses primarily on the analysis of standards, as they indentify the 
state-of-the-art green living technologies that have been deeply researched and 
developed. Some additional documents (i.e., codes, research reports, etc.) have been 
analyzed in order the identify aspects of the topics that may not be considered or 
developed enough in the standards. 

 
The structures of the types of documents differ, and the following frames the main characteristics 
of each document, separated by type (i.e., standard, guideline, handbook, etc.): 
 
Standards: 
Of the 29 documents examined, 12 are standards. 
 
3 of the 12 standards examine the all of the topics relating to the design of green roofs: 

Standard (1): 
FLL (Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau e.V. – The Landscaping 
and Landscape Development Research Society e.V.), Guidelines for the Planning, Construction 
and Maintenance of Green Roofing, 2008. 119 pages. 
 
The FLL standard is the most complete document regarding the design, construction, and 
maintenance of green roofs.  Considering the popularity of the English Edition, it is currently 
considered the most reliable standard worldwide for concerns regarding green roof 
technologies, and is the "forefather" to all other standards and green living technologies 
developed since the creation of the first edition.  

  
Standard (2): 
UNI 11235:2015 Istruzioni per la progettazione, l'esecuzione, il controllo e la manutenzione di 
coperture a verde – Criteria for design, execution, testing and maintenance of roof gardens, 
2015. 69 pages. 
 



UNI 11235:2015 is another complete standard regarding the design, construction, and 
maintenance of green roofs. The first version was produced in 2008 and was inspired by the 
FLL standard, but was developed to address requirements for green roofs built in warmer 
climates that are not considered in FLL (specifically layering requirements for Mediterranean 
climates). FLL and UNI 11235 are considered similar documents, as they cover all aspects 
necessary to design a green roof. Although they reference other national standards for specific 
requirements of green system materials, structures, etc., they represent the most complete 
standards for green roofs. One major limitation of UNI 11235 is this standard in only released 
in Italian. 
 
Standard (3): 
ASTM E2777 – 14, Standard Guide for Vegetative (Green) Roof Systems, 2014. 14 pages. 
 
The ASTM E2777 – 14 is an introductory standard for the design of green roofs. It is a useful 
document, providing extensive explanations about green roof concepts and useful other 
information (i.e., terminology, reference documents, general principles, and explanations of 
main technical requirements), but no prescriptive dimensional information is provided (unlike 
the FLL and UNI standards).  

 
1 standard exclusively addresses the fire risk / fire safety topic for green roofs: 

Standard (4): 
ANSI/SPRI VF–1 External Fire Design Standard for Vegetative Roofs, 2010. 8 pages. 
 
This standard provides information to design green roofs for acceptable fire resistance. The 
standard defines two types of generic green roofs that are resistant to fire: succulent based 
systems and grass based systems. It specifies the requirements to ensure the fire safety of 
green roofs (i.e., system requirements, walls and fire break roof areas, border zones, etc.). 

 
2 standards exclusively address the wind design topic for green roofs: 

Standard (5): 
ANSI/SPRI RP–14 Wind Design Standard for Vegetative Roofing System, 2010. 36 pages. 
 
The ANSI/SPRI RP–14 provides a method to define which of two types of green roof layering 
(ballast #4 or ballast #2) should be used for wind resistance given a series of characteristics 
(i.e., maximum wind speed, building height, parapet height, surrounding surface roughness).  
 
Standard (6): 
CSA Group, A123.24-15 Standard test method for wind resistance of modular vegetative roof 
assembly, March 2015. ISBN 978-1-77139-700-1. 26 pages. 

 
The A123.24-15 is a standard that provides methods for testing the wind flow resistance and 
wind uplift resistance of modular green roofs. The standard defines modular green roofs as a 
modular vegetated system (a system consisting of pre-grown or pre-cultivated vegetation: 
modules, blankets, or mats) on a roofing system (a system consisting of a deck and roofing or 
waterproofing membrane).  

 
1 standard exclusively addresses dead and live loads in green roofs: 

Standard (7): 



ASTM E2397 / E2397M – 15, Standard Practice for Determination of Dead Loads and Live Loads 
Associated with Vegetative (Green) Roof Systems, 2015. 6 pages. 
 
ASTM E2397 provides a calculation method to determine dead and live loads in green roofs 
(weight of the green roofs compared to weight of green roofs when saturated with water). It 
does not include significant information regarding the topics examined in this research. 

 
1 standard exclusively addresses plant selection for green roofs: 

Standard (8): 
ASTM E2400 / E2400M – 06(2015)e1, Standard Guide for Selection, Installation, and 
Maintenance of Plants for Green Roof Systems, 2015. 4 pages. 
 
ASTM E2400 provides general guidance for the selection of plants to green roofs systems. It 
does not include significant information regarding the topics examined in this research. 
 

1 standard exclusively addresses testing of the drainage layer for green roofs: 
Standard (9): 
ASTM E2398 / E2398M – 15a, Standard Test Method for Water Capture and Media Retention 
of Geocomposite Drain Layers for Vegetative (Green) Roof Systems. 
 
ASTM E2398 does not include any information regarding the topics examined in this research, 
thus has been excluded from this research. 

 
1 document is a series of data sheets provided by an insurance company, but includes specific 
information similar to that of a standard: 

Standard (10): 
FM Global Property Loss Prevention Data Sheets 1-35 – Green Roof Systems, April 2011. 27 
pages. 
 
The FM Global Property Loss Prevention Data Sheets, although not a standard, is included in 
the “Standard” category due to the high specificity of the information provided. It addresses 
several topics regarding green roofs and, being a document produced by an insurance 
company, it provides all inherent risks (i.e., fire and wind risk) and provides green roof 
warranty values. 

 
2 standards are exclusively devoted to fire testing methods (one for roofs and one for walls): 

Standard (11): 
ASTM E108-11 Standard Test Methods for Fire Tests of Roof Coverings, 2016. 13 pages. 
 
Standard (12): 
NFPA 285: Standard Fire Test Method for Evaluation of Fire Propagation Characteristics of 
Exterior Non-Load-Bearing Wall Assemblies Containing Combustible Components, 2012 
Edition. 30 pages. 
 
Although the ASTM E108-11 and the NFPA 285 standards provide methods for fire testing 
roofs and walls, no information is provided for specifically testing green systems, thus these 
standards were not analyzed. 

 



Guidelines:  
Of the 29 documents examined, 5 are guidelines: 

Guideline (13): 
KS11 Green Roofs (CIBSE Knowledge Series 11), 2007. ISBN 9781903287873. 38 pages. 
 
The KS11 Green Roofs (CIBSE Knowledge Series 11) is a brief document, organized in a 
question/answer format. It addressed several topics, including cost considerations. 
 
Guideline (14): 
CIBSE Guidelines for the Design and Application of Green Roof System 2013. ISBN 
9781906846404. 108 pages. 
 
The CIBSE Guidelines for the Design and Application of Green Roof System is a general 
guideline for green roofs in Melbourne and Victoria, and it also briefly addresses green 
façades/walls. 
 
Guideline (15): 
Groundwork Sheffield, The GRO Green Roofs Code, 2011. ISBN 978-0-9568378-0-6. 25 pages. 
 
The GRO Green Roofs Code is a concise document that summarizes the green roof design, 
specifications, installation methods, and maintenance. 
 
Guideline (16): 
State of Victoria through the Department of Environment and Primary Industry, Growing 
Green Guide. A guide to green roofs, walls and facades in Melbourne and Victoria, Australia, 
2014. ISBN 978-1-74326-715-8. 131 pages. 
 
The Growing Green Guide is an extended technical guideline that provides advice on the 
factors that need to be considered to design, construct, and maintain green roofs, walls and 
façades. 
 
Guideline (17): 
GRHC, Green Walls 101: Systems Overview and Design, Green Roofs for Healthy Cities, 2014. 
96 pages. 
 
The Green Walls 101: Systems Overview and Design guideline provides high-quality, technical 
information regarding the design and maintenance of green façades/walls, specifically vertical 
greenery. 

 
Handbook: 
Of the 29 documents examined, 1 is a handbook:  

Handbook (18): 
GRHC, Advanced Green Roof Maintenance, Green Roofs for Healthy Cities, 2011. 113 pages. 
 
It addressed the maintenance of green roofs topic. It represents a very deepened and practical 
document destined to stewardship and maintainers, but also to designers and developers. The 
provided information includes the description of practical operations. 

 



Building codes: 
Of the 29 documents examined, 3 are building codes:  

Building Code (19): 
International Code Council, IBC – International Building Code 2015. 706 pages. 
 
Building code (20): 
International Code Council, IGCC – International Green Construction Code 2015. 129 pages. 
 
Building code (21): 
International Code Council, IEBC – International Existing Building Code, 2012. 
 
Considering the complexity of these codes, only areas where the content on green roofs and 
façades/walls, relating to the 4 topics examined, have been identified. Furthermore, the 
compatibility of the requirements in existing green roofs with the requirements specified in 
these building codes was not studies, as this would require an additional, specific research 
study. 

 
Safety codes: 
Of the 29 documents examined, 2 are safety codes: 

Safety code (22): 
NFPA 101: Life Safety Code, 2015 Edition. 
 
Safety code (23): 
2015 NFPA: 5000 Building Construction and Safety Code, 2015 Edition. 

 
Like the building codes, only areas where the content on green roofs and façades/walls, 
relating to the 4 topics examined, have been identified, due to the complexities of the 
documents.  

 
City codes: 
Of the 29 documents examined, 2 are city codes: 

City code (24): 
Toronto Municipal Code, Chapter 492, Green roofs, October 2013. 17 pages. 
 
The code provides the mandatory provisions for green roofs in Toronto. 
 
City code (25): 
Toronto Green Roof Construction Standard (TGRCS): Supplementary Guidelines. 22 pages. 
 
The Toronto Green Roof Construction Standard provides necessary information and references 
to other standards for green roof requirements that are may not be developed enough in the 
Toronto Municipal Code or the Ontario Building Code. This is the only document that has been 
analyzed that provides additional guidelines, with the view to provide clarification between 
two existing codes. This is an important example because it shows how a brief document can 
help ensure that green systems follow the requirements set in place by different documents 
(in this case, the green roof guidelines from the Toronto Municipal Code and the Ontario 
Building Code).  

 



Research reports: 
Of the 29 documents examined, 3 are research reports regarding fire safety: 

Research Report (26): 
Department for Communities and Local Government-London, Fire Performance of Green Roofs 
and Walls, 2013. 36 pages. 
 
The Fire Performance of Green Roofs and Walls reviews existing documents on the fire 
performance of green roofs and walls and shows results of tests that have been performed on 
living green systems. Existing documents that have been reviewed in this document have also 
been analyzed in this research study: FLL, ANSI/SPRI VF-1, FM Global Datasheets, and The GRO 
Green Roofs Code. It also analyzes fire prevention requirements in building regulations and 
determines if the standards for green roofs and façades/walls comply with these. One 
limitation of this research is it is not a complete research report; although it provides the 
results of the fire tests on green roofs and walls and important fire safety information, it does 
not include the testing methodology and other references are missing. 
 
Research Report (27): 
National Association of State Fire Marshals: Tidwell, Jim and Jack J.Murphy, Bridging the Gap: 
Fire Safety and Green Buildings. A Fire and Building Safety Guide to Green Construction, 2010. 
73 pages. 
 
Bridging the Gap: Fire Safety and Green Buildings is a research report that analyzes different 
green building construction elements in terms of fire safety, including brief descriptions of fire 
safety considerations for vegetative roof systems. 
 
Research Report (28): 
The Fire Protection Research Foundation: Meacham et al., Fire Safety Challenges of Green 
Buildings: Final Report, 2012. 42 pages. 
 
The Fire Safety Challenges of Green Buildings: Final Report addresses fire risks and fire hazards 
in green building design. It identifies past fire accidents, provides fire-risk and mitigation 
approaches for several green building elements, and assesses 4 green codes (i.e, LEED, 
BREEAM, GREENMARK, and IgCC) for possible fire safety concerns that may not be considered. 

 
Paper: 
Of the 29 documents examined, 1 is a paper: 

Paper (29): 
CSCE (Canadian Society for Civil Engineering), Wind Uplift Resistance Design of Green Roof, in 
M.Gibbons, S.Gamble, S.Love proceedings of CSCE Annual Conference Resilient Infrastructure, 
London June 1-4, 2016. 7 pages. 
 
It is a paper describes a wind testing procedure for green roofs, with the view to determine the 
equalization coefficient for a given green roof assembly. 

 
 



1) FLL (Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau e.V. – The 
Landscaping and Landscape Development Research Society e.V.),  
Guidelines for the Planning, Construction and Maintenance of Green Roofing, 2008. 119 
pages. 

 
The FLL standard for green roofing is the most extensive code of practice in the world, exclusively 
dedicated to the design of green roofs. The first version of these standards, the Principles of Green 
Roofing (1982), was reworked in 1992 as the Guidelines for Planning, Construction and 
Maintenance of Green Roofing by the Landscape Development and Landscape Research Society in 
Germany. It has been updated many times since this time, and the most recent international 
edition is the 2008 English version. 
 
Germany was one of the first countries to introduce the green roof and the modern green roof 
technology industry, with its complex system of layers. In Germany, the Guidelines for Planning, 
Construction and Maintenance of Green has served as the accepted regulations for green roof 
design for buildings. Thus, the FLL Green Roof Guideline is internationally known as the most 
extensive standard and has served as a bench-mark and for nearby countries developing their own 
standards and is the primary point-of-reference for most guidelines produced globally. 
 
Applicability 

• Green roof systems, including: intensive, simple intensive, and extensive greening for 
terraces, halls, underground car parks, etc.; 

• General green roof requirements and specific requirements for each green roof layer; 
• Necessary technical information to develop professional agreements between clients, 

planners, and contractors. 
 
Structure 
The standard is divided into 13 chapters: 

1-2 Contents of the standard and the reference standards 
3 Definition of different types of greening 
4 The functions and effects of green roofs on town and open space planning, ecological 

functions, economic functions, and the environment 
5-7 Overall requirements of the building, the roof, and the green roof components  
8-12 Waterproofing membrane requirements 
8 Drainage requirements 
9 Filter layer requirements 
10 Vegetation support courses (i.e., substrate) 
11-12 Vegetation and planting types 
13 Care, maintenance, and service requirements 

 
Strengths 
This standard is recognized by its high level of completeness, including very detailed technical and 
scientific information for green roofs systems as a whole and for each individual component and 
layer. Furthermore, as a standard, it serves as a guarantee of the quality and success of the system 
for the client and all involved in the design, construction, maintenance, development and 
production/manufacturing. That being said, the requirements still allow for a design freedom, 
which is important in allowing the green roof industry and designers to develop new, potentially 
more successful, and higher performing green products.  



2) UNI 11235: 2015 
 
The UNI 11235 is inspired by the FLL. Like the FLL, UNI 11235 defines general standards and 
requirements and provides complete technical information to develop professional agreements 
between clients, planners and contractors. 
 
UNI 11235:2015 is the second edition of this standard and is an extensive revision and expansion 
of the first edition, which was developed in 2008. 
 
Applicability 

• Green roof systems, including: intensive, simple intensive, and extensive greening;  
• As a standard that was written for Italy, it provides instructions for green roofs in 

Mediterranean climates and it is the only exhaustive standard for green roofs in warmer 
climates. 

  
Structure 
The standard is divided into an introduction, 11 chapters, and 3 appendixes: 

Intro  Description of green roof performance division into three main categories: urban 
design, ecological benefits, and economical/environmental benefits 

1 Synthesis of the purpose and field of application 
2 List of all quoted standards 
3 List of terms and definitions, specifically for agronomic words 
4 List of agents and requirements of the green roof 
5 Design instructions (This is the most extensive chapter) 
6 Definition of layering and the classification of the green roof systems 
7 Explanation of the design documents 
8 Lists of materials and components of green roofs 
9 Instructions for construction and installation of materials and components 
10 Instructions for controls and testing 
11 Maintenance and maintenance programming explanations 

Appendix: 
A Instructions for the substrate design 
B Lists of all vegetation typologies for green roofs 
C Instructions for measuring green roof performance tests (control of acoustic insulation, 

energy flux, runoff coefficient, etc.) 
 
Strengths 
This standard has a high level of completeness, with very detailed technical information for system 
and layering characteristics, scientific information (unequivocal information), and synthesis of 
information for all participants (ie, designer, contractor, maintenance worker, client/developer, 
and the producer/manufacturer). There are also detailed drawings of the correct green roof 
layering. 
 
Limitations 
Some aspects, especially the requirements for substrate, are restrictive and could prevent 
advancements in the development of alternative layering methods for green roofs. Furthermore, 
this standard is only released in Italian, unlike the other analyzed documents, which are all in 
English.  



3) ASTM E2777 – 14, Standard Guide for Vegetative (Green) Roof Systems, 2014 
 
This guide provides technical requirements for extensive and intensive green roof systems (i.e., 
type of plant, wind scour resistance, soil reinforcement, separation/filter layers, drain layers, 
water retention layers, protection layers, and root penetration barriers). 
 
Applicability 

• A general guide for professionals designing or constructing extensive and intensive green 
roofs systems, with up to a 15% slope. 

 
Structure 
The standard is divided in 8 parts and 1 appendix: 

1 Describes the scope of the standard guide 
2 Lists referenced documents 
3 Lists the referenced documents for the terminology and definitions 
4 Explanation of the how to use this standard to benefit green roof systems 
5 Explanation of principles related to the selection of vegetative green roof systems (i.e., 

design intent and building function, sustainability, design considerations, etc.) 
6 Recommendations to ensure quality of green roof system (i.e., performance 

requirements, submittals, maintenance program, project check list, implementation) 
7 Technical requirements for plants, media, wind scour resistance, soil reinforcement, 

separation/ filter layers, drain layers, water retention layers, protection layers, root 
penetration barriers, and membranes 

8 Summary of the keywords 
Appendix: 

A review of the potential contributions a vegetative green roof system can have, in 
order to achieve the sustainability objectives of the project. 

 
Strengths 
Although just a general guide, it accurate frames what a green roof system is, explaining its 
function, introducing important precautions for the design, and explaining the significance of 
maintenance. Also, the appendix provides a well constructed summary of how a vegetative green 
roof system can help a project achieve sustainability objectives. 
 
Limitations 
As specified in the title, this is a standard guide: the document provides general information about 
green roof design and maintenance, but it is not meant to be an in-depth guide. 
 
  



4) ANSI/SPRI VF–1: External Fire Design Standard for Vegetative Roofs, 2010 
 
The ANSI/SPRI VF–1 standard provides a complete method for defining fire requirement of green 
roof systems for vegetative roofing systems.  
 
Applicability 

• Required external fire resistance and the minimum design/installation requirements for 
flat green roofs, with up to a 2:12 slope; 

• To be used in conjunction with the manufacturer’s specifications and requirements for the 
vegetative roofing system. 

 
Structure 
The standard is divided in 2 main parts, each 5 chapters in length: the first represents the standard 
itself, while the second part provides additional commentary: 

Part 1:  Standard 
1 The introduction that frames the object of the standard 
2 Lists of all the definitions used in the standard (i.e., ballast, border zone, fire-stops, etc.) 
3 Various design considerations and system requirements, including requirements for the 

components of the green system (i.e., membrane requirements, Class-A rated 
materials), characteristics of fire stops, etc. 

4 Divides fire resistive green roof systems into 2 types (i.e., succulent based and grass 
based green roofs) and defines their main characteristics and rules to apply Class-A 
rated roofing systems, fire-stops, fire hydrants, border zones, etc. 

5 Brief description of maintenance requirements 
Part 2: Commentary 

Explanatory and supplementary material to assist the designers and regulatory 
authorities in applying the standard (Part 2 follows the same chapter layout as Part 1; 
as supplementary material is not needed for every section, there are gaps in the 
numbering of Part 2) 

 
Strengths 
The standard provides a complete method to give the minimum requirements for fire design, and 
is consistent with other standards and codes regarding green roofs. It also provides simple and 
effective instructions for hydrants and maintenance requirements. 
 
Limitations 
This standard is only applicable for flat green roofs with a succulent based system or a grass based 
system; there are no references for green roofs with a slope greater than 2:12 or intensive green 
roofs.  
  



5) ANSI/SPRI RP–14: Wind Design Standard for Vegetative Roofing Systems, 2010 
 
The ANSI/SPRI RP–14 standard provides a complete method for defining the wind requirements of 
green roof systems and the type of ballast needed, based off of a set of measurable conditions 
(i.e., maximum wind speed, building height, parapet height, surrounding surface roughness, etc.). 
 
Applicability 

• Required wind uplift resistance and the minimum design/installation requirements for 
extensive green roofs and flat roofs;  

• To be used in conjunction with the manufacturer’s specifications and requirements for the 
green roofing system; 

• Specifically for green roofing systems in the USA, but can be used internationally. 
 
Structure 
The standard is divided in 2 main parts, each 7 chapters in length: the first represents the standard 
itself, while the second part provides additional commentary to assist designers in applying the 
requirements of the preceding chapters: 

Part 1: Standard 
1 The introduction that frames the object of the standard 
2 Lists of all the definitions used in the standard (i.e., ballast, growth media, etc.) 
3 Various design considerations and system requirements, including: physical dimensions 

of the building/roof (i.e., building height, roof slope, etc.), requirements for the 
components of the green roof system (i.e., membrane requirements, ballast 
requirements, etc.), and factors from the wind (i.e., erosion, wind-borne debris, etc.) 

4 Divides green roof design options into 3 different types (i.e., a ballasted vegetative 
roofing system, a protective vegetative roofing system, and a vegetative roofing system 
that uses a fully adhered membrane roofing), and further divides each type into 3 
systems, describing in detail the corner area, perimeter, and field of the system 

5 Design provisions (i.e., large openings in the roof, perviousness of the decks, etc.) 
6 Procedure to determine the green roof design, based on the characteristics from the 

previous chapters and the subsequent design table 
7 Brief description of maintenance requirements 
* 14 tables and 5 figures defining the maximum allowable wind speed, depending on the 

building height, the system used, and the surface roughness 
** Basic wind speed map of the USA, by ASCE, with the minimum design loads for 

buildings and other structures 
Part2:  Commentary 

Explanatory and supplementary material to assist the designers and regulatory 
authorities in applying the standard (Part 2 follows the same chapter layout as Part 1) 

 
Strengths 
The standard provides a complete method for determining the required wind uplift resistance, 
and does not require any specific information from the designer to be applied. 
 
Limitations 
There are no references to vegetation type or height and is only applicable for extensive (not 
intensive) green roofs. Also, the basic wind speed map from ASCE is only applicable to the USA 
(although it could be applied in any other location, given the local wind speed).  



6) CSA Group, Standard test method for wind resistance of modular vegetated roof 
assembly, 2015. 

 
This standard provides requirements for wind resistance testing of modular vegetated roof 
assemblies, based on research and tests conducted by the National Research Council Canada 
(NRCC). This standard was prepared and formally approved by the Technical Committee on 
Bituminous Roofing Materials, under the jurisdiction of the Strategic Steering Committee on 
Construction and Civil Infrastructure. 
 
Applicability 

• Specimen set-up, instrumentation and apparatus, testing procedures, and termination 
requirements for extensive green roofs, with a modular vegetated assembly, are supplied; 

• The test method is for modular vegetated systems that are grown off-site and placed on 
the roof to achieve coverage, but not for mechanically attached membrane roofing 
systems. A modular vegetated system, roofing system, and vegetated roof assembly are: 

o Modular vegetated system: a system of pre-grown or pre-cultivated vegetation 
(modules, blankets, or mats), growth media, root barrier, pavers, and a drainage 
system, with at least 80% vegetation coverage; 

o Roofing system: a system consisting of a deck and roofing or waterproofing 
membrane, vapour barriers or retarders, insulation, cover boards, etc.; 

o Vegetated roof assembly (VRA): the combination of a roofing system and modular 
vegetated system assembled together.  

 
Structure  
The standard is divided into 10 paragraphs and 2 annexes: 

1 Describes the scope of the standard 
2 List of references 
3 Defines modular vegetated system, roofing system, and vegetated roof assembly (VRA) 
4 Describes the purpose of the test 
5 Describes precautions for to consider when conducting the test 
6 Describes the requirements for a wind uplift resistance test for a VRA (i.e., test 

apparatus, test specimen, instrumentation) 
7 Describes the requirements for a wind flow resistance test for a VRA (i.e., test 

apparatus, test specimen, instrumentation) 
8 Describes the testing procedures and specifies the test wind speed used in the testing 

shall be determined by building code requirements or by the manufacturer/client 
9 Describes the termination of the tests 
10 Describes the test report (i.e., the index of the report) 

Annex  
A VRA wind design process describes the three steps of the test 
B Sample test report (an example of the final report of the test) 

 
Strengths 
The test procedure in this standard is clear and comprehensively described. 
 
Limitations 
For the scope of this standard, there are no limitations. 
  



7) ASTM E2397 / E2397M – 15, Standard Practice for Determination of Dead Loads and Live 
Loads Associated with Vegetative (Green) Roof Systems, 2015 

 
Applicability 

• A standardized procedure for predicting the system weight of a vegetative roof system 
under two conditions: 

o Weight under drained conditions after new water additions (rainfall or irrigation); 
o Weight when rainfall or irrigation is actively occurring and the drain layer is 

completely filled with water. 
 
Structure 
The standard is divided in 9 parts and 1 annex: 

1 Describes the scope of the standard 
2 Lists referenced documents (i.e., E11, E631, E2114, E2396, E2398, E2399) 
3 Lists the definitions used in the standard 
4 Summary of the standard 
5 Explanation of the meaning and the use of the standard 
6 Apparatus characteristics 
7 Determines the weight of system layers (i.e., all non-absorptive sheet components, all 

fabrics, absorptive drain mats used as drain layer components, growth media, granular 
drainage media) and describes how determine the weight of captured water and 
transient water 

8 Indicates the format/unit to record the weights determined for each vegetative green 
roof component 

9 Summary of the keywords 
Annex Describes the format of the report 

 
Strengths 
The description of the layering is well detailed and explained specifically for the project’s designer. 
 
Limitations 
This standard provides the weight of two types of greening (extensive=96 kg/m2 and 
intensive=144 kg/m2), in order to simplify calculations, but it does not address the 4 topics under 
examination (i.e., fire, wind, irrigation, and maintenance). 
 
  



8) ASTM E2400 / E2400M – 06(2015)e1, Standard Guide for Selection, Installation, and 
Maintenance of Plants for Green Roof Systems, 2015 

 
This guide provides characteristics for green roof systems, and how they can perform in 
conditions, such as exposure to strong or variable wind forces and/or sunlight/radiant heat. Due to 
extreme environmental factors, especially at height, the selection of the appropriate plant 
material is vital to the success of a green roof system. 
 
Applicability 

• A general guide for the selection, installation, and maintenance of plants for extensive and 
intensive green roof systems. 

 
Structure 
The standard is divided in 9 parts: 

1 Describes the scope of the standard guide 
2 Lists referenced documents (i.e., E631 Terminology of Building Construction, E2114 

Terminology for Sustainability Relative to the Performance of Building) 
3 Lists the referenced documents for the terminology (i.e., E631, E2114); 
4 Summary of the guide 
5 Explanation of the how to use this standard to benefit green roof systems 
6 Characteristics of plants and lists criteria to determine appropriate selection of plant 

species for intensive and extensive green roofs (i.e., design intent, aesthetics, climate, 
microclimate, roof slope and orientation, plant characteristics, etc.) 

7 Information for propagating and installing plant material in green roof systems (i.e., 
pre-cultivation, direct planting on roof) 

8 Information about maintenance (i.e., irrigation, periodic fertilization) 
9 Summary of the keywords 

 
Strengths 
This standard represents a valid introduction for plant selection of green roofs. The language is 
easy understandable, especially for professionals who don't deal with plants often. Also, §6.2 
Criteria for Selecting Species is very valuable. 
 
Limitations 
This guide is only meant to provide general guidance and specifies that consultation with a 
professional horticulturist, green roof consultant, or similar professional that is familiar with green 
roof technology and plants is necessary. 
 
  



10) FM Global Property Loss Prevention Data Sheets 1-35 – Green Roof Systems, April 2011 
 
This document is developed to reduce exposure to natural hazards, fire, and excessive loads for 
green roofs. It represents a complementary instruction to an exhaustive standard for green roof 
systems, so it is created to be used in conjunction with other standards. It often references other 
standards, especially FM Global Data Sheet 1-28 Wind Design. 
 
Applicability 

• These data sheets collect useful information/recommendations for preventing and 
reducing green roof exposure to natural hazards, fire, and excessive loads (including wind). 

 
Structure 
The standard is divided into 6 main chapters, 5 appendixes, and includes a list of figures: 

1 Defines the scope of the standard 
2 Loss Prevention Recommendations: classifies the green roof systems and lists all the 

recommendations for wind, wind speed restrictions, building height restrictions/loads, 
supporting structure/fire exposure, minimum foreseeable loss fire walls, fire 
breaks/roof drainage, roof slope/green roof components/maintenance. 

3 Support for Recommendations: provides better explanations for the recommendations 
listed in Chapter 2 

4 References: a complete list of the references from the previous chapters, divided into 2 
sections (FM Global and Other) 

Appendix:  
1 Glossary of Terms 
2 Document Revision History 
3 Supplementary Information 
4 Bibliography 
5 Sample Green Roof Project Photos 

 
Strengths 
Data Sheets 1-35 provides punctual instructions for what wind risks, fire, and excessive loads. 
These instructions are further given extensive explanations in §3.0 Support for recommendation. 
 
Limitations 
The section on operations and maintenance does not go into complete detail in some aspects. 
 
  



11) ASTM E108-11 Standard Test Methods for Fire Tests of Roof Coverings, 2016 
 
This fire-test-response standard examines how to measure the fire characteristics of roof 
coverings under simulated fire, originating from outside the building. 
 
Applicability 

• Fire tests for roof coverings (but not green roofs). 
 
Structure 
The standard is divided in 17 parts and 4 appendixes: 

1 Describes the scope of the fire-test-response standard, the test methods (intermittent 
flame exposure test, spread of flame test, burning brand test, flying brand test, rain 
test) and the three classes of fire test exposure 

2 List of the referenced documents 
3 Definitions 
4 Explanation of the use and the significance of this standard guide 
5 Describes the apparatus and the calibration (calibrating air current, calibrating flame 

temperature, rain test calibration, frequency of calibration) 
6 Describes the preparation of test specimens (construction of test decks, application of 

roofing on test roof deck, storage and conditioning of test specimens) 
7 Explains when specific tests shall be required 
8-13 Describes the different types of tests i.e., intermittent flame exposure test, spread-of-

flame test, burning-brand test, flying-brand test, rain test, weathering test) 
14 Describes the conditions for classification 
15 Lists the information which must be reported during testing 
16 Explains the precision of tests and biases 
17 Keywords 

Appendix: 
X1 Table with metric equivalents 
X2 Describes the rain test 
X3 Describes the flying-brand test 
X4 Commentary on fire tests of roof coverings 

 
Strengths / Limitations 
This document provides information for the fire testing of roof coverings, but the specificity of 
testing for green systems are outside of the scope of the topics discussed. 
  



12) NFPA 285: Standard Fire Test Method for Evaluation of Fire Propagation Characteristics 
of Exterior Non-Load-Bearing Wall Assemblies Containing Combustible Components, 
2012 

 
This fire-test method standard determines the flammability characteristics of exterior non-load-
bearing wall assemblies or panels used as components of curtain wall assemblies. The purpose is 
to provide a standardized fire test procedure for evaluating the suitability of exterior non-load-
bearing wall. 
 
Applicability 

• Exterior non-load-bearing wall assemblies and panels used as components of curtain wall 
assemblies that are constructed using combustible materials or that incorporate 
combustible components within the wall assemblies; 

• No mention of green systems. 
 
Structure 
The standard is divided in 11 chapters and 2 appendixes: 

1 The scope, purpose, and application of the document 
2 List of referenced publications 
3 Definitions 
4 Describes the test facility (i.e., two-story structure with a test room in each story), 

apparatus, movable test flame, burners 
5 Characteristics of the test specimens (i.e., location, mounting, size, position, window 

openings, security, and construction details) 
6 Instrumentation (i.e., temperature measurements, gas flow meters, thermocouples) 
7 The calibration procedure for different wall systems 
8 Fire test procedures 
9 Details the necessity of video recording to collect data during testing 
10 Conditions of acceptance (i.e., test specimens, performance criteria, vertical and 

horizontal flame propagation) 
11 Describes the fire test report 

Appendix  
A Explanatory material 

 
Strengths / Limitations 
This standard provides information on test methods to determine the flammability characteristics 
of exterior non-load-bearing wall assemblies or panels for curtain wall assemblies, but the 
specificity of the combustibility of green systems are outside of the scope of the document. 
  



13) KS11 Green Roofs (CIBSE Knowledge Series 11), 2007. 
 
The document provides information about several issues on green roofs, such as legislation, 
retrofitting, cost, maintenance, and aesthetics. The distinctive characteristic of the text is it is 
written in a Question/Answer format, as shown in the image: 

 
Applicability 

• This publication is aimed at design professionals that are designing green roofs; 
• It provides an overview of the advantages of green roof systems and their implication on 

the project. 
 
Structure 
The standard is divided in 9 parts: 

1 Introduction and contents of the publication 
2 Overview of green roofs: layering and technical information, benefits, climate 

mitigation, etc. (In this section it specifies that there are no British Standards regarding 
green roofs, and that the best option is to utilize the FLL standard) 

3 Design considerations: planning, structural consideration, SUDS potential, biodiversity, 
fire prevention, roof orientation and pitch, offset of cooling plant, compatibility with 
solar thermal or PV panels, reuse of rainwater from a green roof, and cost implication 

4 Constructing green roofs: materials management, time management, access for 
construction, and health and safety 

5 Maintaining green roofs 
6 Retrofitting green roofs, in terms of structural implications, cost implications, suitable 

buildings, and health and safety 
7 Costs and financial aspects 
8 Legislations, regulations, and planning policies about green roofs 
9 References 

 
Strengths 
The document provides a wide range of information, including technical data (i.e., the thickness 
and weight of common materials for each layer), information about performance (i.e., reducing 
storm-water runoff as part of a sustainable urban drainage systems-SUDS strategy), and a section 
dedicated to costs. The document also provides useful information to increase the general 
knowledge about green roofs and for making the decision of which system to use with more 
consideration. 
 
Limitations 
Although useful “shorts tips” are provided, due to the Question/Answer format of this document, 
the green roof information and suggestions are disjointed and the format of the topics addressed 
are not developed “organically”, which can make it difficult to find specific information for the 
reader. 
 
  



14) CIBSE Guidelines for the Design and Application of Green Roof System, 2013 
 
The aim of this guideline is to highlight effective methods for the planning, design, and 
implementation of sustainable green roof systems, in order to increase the awareness of green 
roof systems and encourage their use on new developments and existing buildings. 
 
Applicability 

• Considerations for the planning, design, installation, and maintenance of green roof 
systems, to provide education and ensure effective application of green roof schemes; 

• Certain technical areas of green roof technology (i.e., drainage flow rates, growing medium 
performance criteria, or waterproofing) are not in the scope of this document and other 
sources are referenced in the appendixes for addressing these topics. 

 
Structure 
The guidelines are divided in 8 chapters and 11 appendixes: 

1 Introduction: the purpose of the guideline and the benefits of green roofs in urban 
management and in the public and private sphere 

2 Definitions of green roof types (i.e., intensive and extensive), basic construction 
methods (i.e., built-in and modular green roofs), and considerations for green roofs on 
new and existing buildings 

3 Explanation of the structure of a green roof and references to the German and 
Japanese standards/guidelines (FLL and Urban Green Tech, respectively) 

4 Planning requirements, such as structural loading, accessibility, site conditions, 
waterproofing, and green building credits/incentives (i.e., BREEAM, LEED, BEAM plus) 

5-8 Considerations for the design (i.e., irrigation, drainage, plant selection, sustainable 
technologies, food production, etc.), construction (i.e., installation, fire and safety 
precautions, inspections, testing, etc.), maintenance (i.e., procedures, warranties, 
liability, irrigation, fertilization, etc.), and management (i.e., contractual matters, cost 
of green roofs, policies, etc.) of green roofs 

9 References 
Appendix: 

1 Lists useful websites and resources 
2 Descriptions of different types of green roofs 
3-4 List of international technical guidelines, codes, and standards for green roofs 
5 Checklist for planning the construction engineering and vegetation technology  
6 A sun path diagram for Hong Kong and a shading study 
7 Design considerations for pitched green roofs 
8-9 Checklists developed by Leila Tolderlund (University of Colorado Denver), regarding 

maintenance requirements and considerations before starting a green roof project  
10-11 Case studies  

 
Strengths 
The guideline is extensive, providing useful information for the design and installation of a green 
roof scheme. 
 
Limitations 
This is an extensive guideline, not a standard, so technical data and information is out to the scope 
of this document.  



15) Groundwork Sheffield, The GRO Green Roofs Code, 2011 
 
The Green Roof Code represents a summary of the best practices, regarding the design, 
construction, and maintenance of green roofs. It represents a preliminary document, which points 
out relevant instructions, but for extensive details, regarding the design, construction, and 
maintenance of green roofs systems, it is necessary to refer to complete standards (i.e., FLL; UNI). 
 
Applicability 

• A preliminary document and overview, useful for designers, contractors, and stakeholders, 
in providing general information on the design, construction, and maintenance of green 
roofs. 

 
Structure 
This guide is divided in 7 parts: 

1 Introduction to the guide: the scope of the guide, who is it for, and acknowledgments 
2 Introduction to green roofs: definitions, benefits, and performance 
3 Design considerations and practical implications: layering, structural design, 

waterproofing, drainage, irrigation, safety, and access 
4 Installation: site preparation and installation of system components and perimeter 
5 Maintenance requirements: general actions and maintenance actions by roof type 
6 Relevant complementary documents: list of other important standards and documents, 

quoted in this code 
7 Glossary 

 
Strengths 
This guide is organized in a clear and complete sequence, from the design and installation of the 
systems to the continuing maintenance requirements. Although this guide is considered a 
preliminary document, the provided instructions and explanations are “in-depth” and other 
standards are referenced in a very detailed index for more detailed instructions (in the initial 
acknowledgments it is written that GRO recognizes FLL as base guideline for green roofs 
specifications in UK). 
 
Limitations 
The information/instructions provided for the four analyzed topics are useful, but brief, which is a 
characteristic of the code itself; it is not a "complete standard" but a (very good) document for 
generally providing information on the types of green roof technologies, how and where to find 
more detailed information, and the most important precautions/instructions for designing, 
constructing, and maintaining a green roof. 
 
  



16) State of Victoria through the Department of Environment and Primary Industry, Growing 
Green Guide: A guide to green roofs, walls and façades in Melbourne and Victoria, 
Australia, 2014 

 
This is a technical guide that provides advice on the factors that need to be considered to design, 
construct, and maintain green roofs, walls and façades. 
 
The suggested audience of this publication is extremely broad (even professionals with no 
experience with green systems), as the explanations are comprehensive and include simple 
information. As this document is not standard, it does not include specific data on layers, 
materials, tests, etc. 
 
Applicability 

• Considerations for the design, construction, and maintenance of green roofs, green walls 
and green façades; 

• Targeted at projects based in Melbourne and Victoria-Australia, but it is largely relevant for 
any geographical area. 

 
Structure 
The guide is divided into 4 sections and 1 appendix. At the end, there is a glossary, references, and 
source material section: 

S01 Introduction, definition of what green roofs, walls, and façades are, why they are 
important, the potential benefits of these systems for projects in Melbourne and 
Victoria, and some frequently asked questions 

S02 Summarizes the benefits of green roofs, walls, and façades through references to 
research that has already been undertaken 

S03 Provides technical advice on the design, construction, and maintenance of green roofs, 
walls, and façades, including general analysis, design and planning recommendations, 
considerations to be taken before building and installation (i.e., insurance and system 
warranties), suggestions for the installation process (including the description of the 
layering), and maintenance suggestions 

S04 Case studies from Victoria, Australia: each case study provides a project description, 
precise maintenance practices and associated costs 

Appendix:  
A  Technical and chemical specifications of the growing substrates 

 
Strengths 
It is an extensive and quite complete document, which provides qualified technical information for 
designers and it includes a technical guide. Another helpful feature is that images, schemes, 
drawings, and pictures are provided, which provides a clearer understanding for the readers. 
 
Limitations 
Being a technical guide, and not a standard, the document lacks of specific information: 
measurements, data, range of values, etc. (it does not have prescriptive values).  



17) GRHC, Green Walls 101: Systems Overview and Design, Green Roofs for Healthy Cities, 96 
pages, 2014 

 
Green Walls 101: Systems Overview and Design is a condensed introductory green wall manual, 
developed by Green Roofs for Healthy Cities (GRHC), a non-profit industry association dedicated to 
the development of living architecture, primarily through the green roof and wall industry. 
 
Applicability 

• General manual for green façades, walls, and living walls. 
 
Structure 
The manual is divided into 9 chapters and three appendixes: 

1 An introduction, describing the mission, activities, and courses organized by GRHC 
2 Overview of the history of green walls and the definition of green façades, living walls, 

and living retaining walls 
3 Benefits of green walls in public and private settings (i.e., aesthetic improvement, 

urban heat island effect, exterior air quality improvement, local job creation, energy 
efficiency improvement, building structure protection, interior air quality improvement, 
noise reduction, marketability, increasing biodiversity, health and well-being, urban 
agriculture improvement, and on-site waste water treatment) 

4 Reference to policies (i.e., Germany, Tokyo, and Seattle), standards (i.e., LEED and 
Living Building Challenge), and research (i.e., Green façade research in Berlin, Building 
of Physics Berlin-Adlershof; Green wall Field Test Research, Southern Illinois University 
Edwardsvile; Rainwater Interception Capacity of green façades, Vancouver, BC) 

5 Considerations for the pre-design phase: objectives (reduce heating/cooling systems, 
improve air quality, produce food, reduce noise, aesthetics), site (building, surrounding 
environment, climate), and budget (project size, design team cost, system type, 
building location, cost of labor, availability of materials, timeline, level of maintenance); 

6 Describes green façade and living wall’s design, construction system (i.e., modular 
trellis panel, wire-rope and cable net, and secondary supporting structures), irrigation 
system, growing medium, drainage, plant selection, installation, and maintenance  

7 Case studies of green façade and green wall examples 
8 The final exercise for four scenarios 
9 References 

Appendix:  
I Green walls and LEED Certifications 
II Sample Green Wall Implementation Timeline 
III Green Walls Resources 

 
Strengths 
The manual classifies green façades and provides descriptions of the systems, installation 
considerations, maintenance considerations, some technical details and some useful information 
for designers for each identified class. Also, in §7 Case studies (pp. 61-85), heterogeneous system 
types are introduced with some specific information and “lessons learned” for each case study. 
 
Limitations 
Two of the topics investigated (Fire risk/Fire safety and Wind design) are out of the scope of this 
document. 



18) GRHC, Advanced Green Roof Maintenance, Green Roofs for Healthy Cities, 113 pages, 
2011 

 
This document is the official “Participant Manual” of GRHC (Green Roofs for Healthy Cities) for the 
maintenance of green roofs from the inception of the system’s design to the post-establishment 
period. 
 
Applicability 

• Extensive overview of maintenance considerations for green roofs, specifically for the 
North American green roof industry; 

• Suggested to be used by green roof professionals, maintainers, facility managers, and 
roofing contractors, but it is also a useful tool to inform owners and designers (although it 
is not a design handbook). 

 
Structure  
This manual has 12 chapters and 4 appendixes: 

1 Introduction 
2 Introduces design, installation, and maintenance 
3 Detailed maintenance planning and budgeting 
4 Special considerations for working on a roof: safety, access and egress 
5 Maintenance procedure: during installation; during the plant establishment period; and 

post-establishment 
6 Diagnosing problems/diagnostic tools 
7 Irrigation systems (i.e., drip systems, overhead spray systems, hand watering) 
8 Contractor approaches 
9 Contracting maintenance 
10 Warranties 
11 Case studies 
12 References 

Appendix:  
A Glossary 
B Sample Maintenance Plan 
C Sample Maintenance Report 
D Maintenance Requirements for ANSI Fire and Wind Standards 

 
Strengths 
The manual is very detailed, including a chapter dedicated to maintenance planning and 
budgeting. 
 
Limitations 
The manual lacks of technical sketches, which would be helpful for designers. 
 
  



19) International Code Council, International Building Code – IBC, 706 pages, 2015 
 
The International Building Code is an effective building code, which is widely adopted in United 
States. It was created with a view to ensure minimum requirements are met for a number of 
topics, including: “safety, public health and general welfare through structural strength, means of 
egress facilities, stability, sanitation, adequate light and ventilation, energy conservation, and 
safety to life and property from fire and other hazards attributed to the built environment and to 
provide a reasonable level of safety to fire fighters and emergency responders during emergency 
operations.”1  
 
It is fully compatible with the International Code Council’s family of 14 codes, which include the 
International Existing Building Code, International Green Construction Code, International Fire 
Code, International Property Maintenance Code, etc. 
 
Applicability 

• No requirements for green roofs or façades are in the scope of this document, but it is 
briefly mentioned that the load of green roofs must be considered when conducting 
calculations for structural requirements 

 
Strengths / Limitations 
This is an extensive code, with a view to ensure that a certain level of safety and comfort is met in 
all new building projects in the United States. As this document must focus on all aspects of 
building projects, the specificity of green system requirements are outside of the scope of the 
topics discussed. 
 
 
 
  

                                                 
1 2015 IBC, [A] 101.3 Intent, p. 1 



20) International Code Council, International Green Construction Code – IgCC, 116 pages, 
2015 

 
International Green Construction Code is an effective building code, which is widely adopted in 
United States. It was created with a view to reduce the energy use and carbon footprint of new 
and existing buildings. The International Green Construction Code (IgCC) provides code regulations 
with specific requirements in order to “promote safe and sustainable construction.”  
 
It is fully compatible with the International Code Council’s family of 14 codes, which include the 
International Existing Building Code, International Green Construction Code, International Fire 
Code, International Property Maintenance Code, etc. 
 
Applicability 

• General specifications for vegetative green roofs are provided. 
 
Strengths / Limitations 
Although limited requirements are provided for the 4 topics of study (i.e., fire, wind, irrigation, and 
maintenance), there are specifications for classifying an acceptable vegetative roof system. 
  



21) International Code Council, International Existing Building Code – IEBC, 2015 
 
International Existing Building Code is an effective building code, created to ensure that minimum 
requirements are met when repairs, alterations, additions, or occupancy changes are made to 
existing buildings. It encourages the use (and re-use) of existing buildings, while guaranteeing that 
reasonable upgrades/improvements are made. 
 
Applicability 

• No requirements for green roofs or façades are in the scope of this document. 
 
Strengths / Limitations 
This code provides requirements to ensure that a certain level of upgrades and improvements are 
made for existing building projects, but the specificity of green system requirements are outside of 
the scope of the topics discussed. 
  



22) NFPA 101: Life Safety Code, 2015 
 
This code addresses the construction, safety, and occupancy measures necessary to minimize the 
risks from the effects of fire, including smoke, heat, and toxic gases created. It establishes the 
minimum criteria for the design of egress facilities, to allow occupants to promptly move out of 
the building or into safe areas. 
 
Applicability 

• Fire safety measures for new and existing buildings and structures, vehicles, and vessels, 
but green systems are outside of the scope of this document. 

 
Structure 
The standard is divided in 43 chapters and 3 annexes: 

1 The scope, purpose, applications, units, and enforcement of this code 
2 List of referenced publications 
3 Lists general and NFPA official definitions 
4 Describes the fire safety goals and objectives, means of egress, authorities, technical 

assistance, historic buildings, maintenance, inspection, tests, and emergency action 
plans 

5 Describes performance-based options 
6 Classification of occupancies and the hazards of the building contents 
7 Describes the means of egress (exits, interior finish in exit enclosures, walking surfaces 

in means of egress, components, measures, characteristics of the doors, characteristic 
of the stairways, illumination, ventilation, fire compartments, fire barriers, ramps, 
accessibility, signage) 

8 Describes features of fire protection 
9 Describes building service and fire protection equipment (fire detection, alarm, 

communication systems, sprinklers) 
10 Describes interior finishes, contents, and furnishings 
11-42 Describes special considerations for different types of buildings (i.e., special structures, 

high-rise buildings, health care facilities, 1-2 family dwellings, hotels, etc.) 
43 Describes special considerations for building rehabilitation 

Annex: 
A Explanatory material 
B Supplemental evacuation equipment 
C Informational references 

 
Strengths / Limitations 
This code provides information for life safety of different types of occupancies, but the specificity 
of safety measures for green systems are outside of the scope of the document. 
 
  



23) 2015 NFPA: 5000 Building Construction and Safety Code, 2015 
 
This is the first model building code developed using the full open consensus-based procedures 
accredited by the American National Standards Institute. It provides design regulations to 
safeguard life, health, property, and public welfare and minimize injuries by regulating and 
controlling design, construction, quality of materials, use and occupancy, location, maintenance, 
and permits for buildings and structures. The intent of this code is to reduce the probability of 
injury or death from fire, structural failure, or building use by setting a clear set of goals and 
objectives. In addition to fire, NFPA 5000 provides requirements for other design provisions, 
including natural hazards, accessibility, and building interior environmental issues.  
 
Applicability 

• Measure for the construction, alteration, repair, use and occupancy, maintenance, and 
demolition of all new/existing/moved buildings and structures, but limited reference to 
green systems. 

 
Structure 
The standard is divided in 55 chapters and 8 annexes: 

1 The scope, purpose, applications, units, and enforcement of the code 
2 List of referenced publications 
3 Lists general and NFPA official definitions 
4 Describes the fire safety goals and objectives, accessibility, barrier-free use, energy 

efficiency, egress, roof access, etc. 
5 Describes performance-based options 
6 Classification of occupancies and the hazards of the building contents 
7-55 Describes considerations for all aspects of buildings, taking into account the primary 

function (high-rise buildings, hotels, residencies, etc.), different building components 
(i.e., roof, stairways, mechanical system, foundation, etc.), materials (i.e., fire-resistive 
materials, hazardous contents, steel parts, wood materials), and other special 
situations (i.e., safe construction techniques, accessibility, buildings being rehabilitated, 
and designing a structure for dead, live, roof, snow, wind, earthquake, lateral soil, 
flood, and ice loads) 

Annex 
A Explanatory materials 
B Vermin proofing 
C Flood-resistant construction 
D Construction types and enhanced and fire compartment requirements 
E Supplement evacuation equipment 
F In-building radio systems 
G Green construction 
H Informational references 

 
Strengths / Limitations 
This code provides information to reduce the probability of injury or death from fire, structural 
failure, or building use, but the specificity of safety measures for green systems are outside of the 
scope of the document.  
 
  



24) Toronto Municipal Code, Chapter 492, Green roofs, 17 pages, October 2013 
 
This document is the chapter of the Toronto Municipal Code dedicated to green roofs. It includes 
some technical information about green roofs construction and includes references to several 
other standards for further information (i.e., Toronto Green Roof Construction Standard, ASTM 
E2397.05 – Standard Practice for the Termination of Dead Loads and Live Loads Associated with 
Green Roof Systems, CSA – S478 – 95 Guideline on Durability in Buildings, etc.). 
 
It is important to underline that, in Toronto, all buildings or building additions built after January 
30th, 2010 require a green roof in some form, unless permission is granted otherwise. 
 
Applicability 

• Requirements for green roofs, according to the Toronto Municipal Code. 
 
Structure 
The Chapter is divided into 9 articles: 

1 Definitions of the terms used in the code 
2 Requirements for green roofs: dimensions, maintenance, vegetation health, permits, 

and exemptions 
3 Information about applications: approval, fees, and charges 
4 Description of the Toronto Green Roof Construction Standards, in relation to the 

Ontario Building Code: construction features, slopes, parapets, wind uplift, fire safety, 
waterproofing, drainage, water retention, vegetation performance, plant selection, 
irrigation, and maintenance plan 

5 Information about the approval of applications, exemptions, or variation of coverage 
requirements for a green roof by the Chief Planner  

6 Description of the Green Roof Technical Advisory Group 
7 Indicates that changes to the technical standards in future editions could occur 
8 Indicates that The Chief Building Official shall periodically develop and publish green 

roof construction guidelines and best practices to assist designers 
9 Offences and penalties.  

 
Strengths/Limitations 
As part of the Toronto Municipal Code, this document has limited technical or functional content 
for general green roofs, as the scope is exclusively for green roofs built in Toronto.  



25) Toronto Green Roof Construction Standard – Supplementary Guidelines. 22 pages. 
 
This document is a municipal standard that provides the minimum requirements, 
recommendations and considerations for green roofs in Toronto, while also meeting the Ontario 
Building Code (OBC) requirements.  
 
Applicability 

• Requirements for green roofs, specifically in Toronto. 
 
Structure 
This document consists of an introduction and 6 sections: 

1 Definitions and components of green roofs 
2 Structural considerations 
3 Safety considerations (i.e., fire and occupancy) 
4 Waterproofing of green roofs 
5 Quality assurance 

 
Strengths / Limitations 
These supplementary guidelines represent a good example of a document that can fill gaps in 
green roof recommendations of city standards with information from broader standards and 
building codes. For example, the OBC (Ontario Building Code) does not strictly recognize all green 
roof components, so this document provides references to other sources (i.e., FM Data sheet 1-35, 
Green Roof Systems, 2.2.16, and FLL), which are internationally accepted as “best practices” the 
topics missing from the OBC. That being said, although the information in this document is useful 
for all green roofs, it is developed exclusively for green roof systems in Toronto. 
  



26) Department for Communities and Local Government-London, Fire Performance of Green 
Roofs and Walls, 36 pages, 2013 

 
This document provides comments on fire prevention strategies for green roofs and façades and 
references fire tests performed on vegetative systems, but is not considered a standard, design 
guide, or research report. It reviews existing guides available regarding the fire performance of 
green roofs and façades and illustrates the results of the tests. 
 
The document attempts to provide answers for the following questions regarding green roofs and 
façades: 

1) Is there a need to introduce additional fire prevention requirements for green roofs and 
façades? 

2) Is there a reasonable probability that green roofs and façades could ignite and fire could 
spread? 

3) Are there any inherent gaps in the functional requirements of case of green roofs and 
façades in the existing UK Building Regulations? 

  
Applicability 

• Fire performance and prevention strategies for green roofs and façades. 
 
Structure 
The document is divided into 4 chapters and 1 appendix: 

1 Describes the types of green roofs (extensive, semi-intensive, and intensive) and green 
walls (climbing plants, hydroponic green walls, and modular green walls), and 
introduces features of green systems (focusing on fire design) 

2 Several standards and documents regarding fire prevention and wind design are 
analyzed, including FLL, Factory Mutual Global Property Loss Prevention Data Sheets 1-
35 – Green Roof Systems (2007), ANSI/SPRI VF-1 External Fire Design Standard for 
Vegetative Roofs, GRO Green Roof Code (2011), and Bridging the Gap – Fire Safety and 
Green Building 

3 References the UK Building Regulations for what fire risk concerns (i.e., How hard it is 
to ignite organic material?; What is the likelihood and speed that fire spreads through 
organic material?; What is the effect that spread of fire will have on the building?) 

4 Analyzes the requirements UK Building Regulations that can be applied to green roofs 
and underlines the gaps in the regulations 

Appendix:  
A  Summarizes some fire test results on green roofs and façades 

 
Strengths 
The document raises good questions about fire risk and raises a valid method for investigating the 
inherent gaps in building regulations for fire prevention of green roofs and façades. 
 
Limitations 
The document does not elaborate the topics and the referenced documents/standards are not 
quoted. Also, the details of the fire tests on green roofs and façades are not clearly described (i.e., 
methods, instruments, input data, output data, etc. are not provided).  



27) National Association of State Fire Marshals: Tidwell, Jim and Jack J. Murphy, Bridging the 
Gap: Fire Safety and Green Buildings. A Fire and Building Safety Guide to Green 
Construction, 2010 

 
The research analyzes green buildings (building envelopes, design attributes, building systems, and 
alternative power sources) and provides a series of check-lists that could be used a “starting 
point” for fire safety and green construction and as a tool to begin a serious dialogue between the 
fire services and those involved in green construction. 
 
Applicability 

• The research examines several green roof elements and construction systems. 
 
Structure 
The research is divided into 5 chapters and 6 appendixes: 

1 Introduction: the current status of the Green Movement in the US and the world; the 
importance of energy conservation and green certification; green building and green 
component concepts; fire safety considerations that are lacking from codes, standards, 
and rating systems; the importance of fire safety measures for green buildings, to 
increase public safety and reduce the risk to firefighters and the impact that a fire 
event has on the environment (see Appendix F: controlled burn air emission tables) 

2 Site selection and use: factors to consider in selecting the function and site for green 
construction (i.e., firefighter access, building orientation, and surrounding landscape) 

3 Analysis of design considerations that can contribute to sustainability: building shell 
components (insulation, vegetative roof system, high performance glazing); design 
attributes (ventilation controlled fire, large open space and automatically-controlled 
windows for energy); skylights and solar tubes; water conservation; structural 
concerns; miscellaneous components (vestibules, awnings and recycling practices) 

4 Building systems and alternative power sources (i.e., photovoltaic solar power system, 
wind turbine power systems, hydrogen fuel cell power system, battery storage system, 
nuclear-generated power, HVAC system, and high-volume/low-speed [HVLS] fans) 

5 Conclusions 
Appendix:  

A  Matrices identifying of green building components and their respective concerns 
B  Glossary of terms (incl. references to vegetative roofs) 
C  Name and description of the leading national organizations for sustainable construction 
D  List of some case studies 
E  List of the quoted references 
F  Table about controlled burn air emissions from FM Global 

 
Strengths 
The fire concerns for each green element/construction system are clearly listed. Multiple concerns 
are addressed for green roof systems: roof loads including wind uplift pressures and wind loads, 
roof drainage (closely linked to roof load issue), roof slope, roof access, load-bearing structures, 
parapets, and fire exposure (with reference to FM Global). 
 
Limitations 
There are no limitations for the elements within the scope of this document. 
  



28) The Fire Protection Research Foundation: Meacham et al., Fire Safety Challenges of 
Green Buildings: Final Report, 2012 

 
This is the final research report of a study identifying gaps and specific research needs in 
understanding and addressing fire risk and hazards with green building design. The results of the 
study include: a list of fire incidents involving green elements or green buildings (no green 
roofs/façades are mentioned); a list of fire hazards and risk factors associated with the identified 
green building elements; strategies to mitigate fire risk for green building elements; and an 
analysis of the IgCC and green rating schemes (i.e., LEED, BREEAM, GREENMARK), identifying fire 
safety measures that are not considered. 
 
Applicability 

• Analysis of fire protection concerns for green roofs, green façades, and several types of 
"green elements" and "attributes" of green construction. 

 
Structure 
The standard is divided into 7 sections and 7 appendixes: 

1 Background, introduction, and project objectives (i.e., identifying green building 
elements that are fire hazards and to share best practices for fire risk mitigation) 

2 Summary of the research objectives, a detailed description of the sources, the research 
approach/methods, and listing fire incident reports, news reports, fire investigation 
reports, and reports related to fires in green buildings and green elements 

3 Attributes of green buildings and elements, which are summarized in Table 4 (where 
green roofs and façades are cited 

4 Attributes of green buildings or sites which could impact fire, life safety, building or fire 
service performance, and objectives (typically addressed by building/fire codes and are 
identified in the literature review), which are summarized in Table 5 

5 The main chapter of the research, which summarizes the hazard and risk assessment 
into 3 main results:  

1)  A matrix for evaluating the potential fire hazard of green elements/attributes 
2)  A table with a list of potential mitigation strategies associated to the green 

elements/attributes 
3)  Schematic representations of fire hazards, which could serve as a quick 

overview guide or fire performance ranking for a building 
6 Summary and conclusions 
7 References 

Appendix: 
A Informational resource list of the sources, adding to the contents introduced in §2 
B A selection of potential fire concerns with green building elements and mitigation 

strategies, adding to the contents introduced in §2.1 and §2.2 
C International surveys and responses, which include inquires and answers from experts 

of international fire institutions and building regulatory agencies, adding to the 
contents introduced in §2.3 

D Detailed matrices of the potential fire hazards of many green elements (i.e., structural 
materials, exterior materials, interior materials, building systems, etc.), adding to the 
contents introduced in §5.1 (Fig. 1) 

E A illustrated matrix identifying the relative hazard ranking of green elements, adding to 
the contents introduced in §5.1 (Fig. 2) 



F Tables of fire hazards with green building elements and potential mitigation strategies, 
adding to the contents introduced in §5.2 

G Tables assessing LEED, BREEAM, GREENMARK, and IgCC for fire safety objectives, 
including schematic drawings of the fire interaction and adding to the contents 
introduced in §5.3 (Fig. 7) 

 
Strengths 
As a complete research study, an in-depth methodology, summary, and various graphics are 
provided, which make the research a good tool for engineers, designers, insurers, authorities, or 
others when reviewing site plans, building designs, renovation designs, or buildings to assist in 
hazard or risk analysis, and for developing fire mitigation strategies. Also, four green building 
codes are analyzed and case studies are indentified, which could help highlight fire protection 
issues for green living technologies that may not have been considered in green building codes or 
past projects. 
 
Limitations 
This research report specifies that there are limited incidents of fires in documented green 
buildings, so there is not sufficient data to provide a quantified risk assessment. Due to the lack of 
data for actual fire incidents on green building elements, a ranking of their risks/hazards was the 
approach used in this research.  
 
  



29) CSCE (Canadian Society for Civil Engineering), Wind Uplift Resistance Design of Green 
Roof, in M.Gibbons, S.Gamble, S.Love proceedings of CSCE Annual Conference Resilient 
Infrastructure, London June 1-4, 2016 

 
The paper presents a test method to calculate an applicable equalization coefficient for green roof 
assemblies. Through analysis of building codes and standards and testing, this paper identifies a 
method to prevent green roofs from lifting and detaching from a green roof assembly, due to wind 
uplift. The test attempts to identify how to calculate the pressure acting across the green roof 
assembly, so the forces from wind can be applied to any roof type. 
 
Applicability 

• Wind design concerns for green roofs; 
• Testing methods provided for scale model wind tunnel testing or full scale testing. 

 
Structure 
This document consists of 5 chapters: 

1 Introduction and review of available design guidelines (i.e., FLL Guideline, ANSI/SPRI 
RP–14, FM Global Property Loss Prevention Data Sheets 1-35 Green Roof Systems, Full-
Scale Wind Loading on Green Roof Systems) 

2 Pressure equalization 
3 Drag/wind flow resistance 
4 The role of boundary layer wind tunnel testing 
5 References 
 

Strengths / Limitations 
This document provides extensive information regarding a new wind testing method for green 
roofs and provides a very useful list of references. 
 
  



Final Considerations:  

About fire risk / fire safety:  
In terms of designing green living technologies for fire resistance and fire safety, the overall 
information and requirements provided in the 29 analyzed documents are homologous, with 
varying levels of detail. The majority of documents that consider fire safety precautions consider 
the following factors: specific design requirements of each roof layer, the introduction of fire- 
stops/fire-walls in precise roof locations (i.e., gravel strips, areas free of vegetation, walls in no 
combustible materials), recommending regular maintenance to remove dead or excessive parts of 
plants, providing irrigation to maintain keep the system alive. That being said, some differences 
between the documents have become apparent.  
In European standards, it appears that green roofs (extensive and intensive) are considered a fire 
resistive system as long as they are designed in accordance with standards and regulations and are 
regularly maintained. These standards address concerns regarding fire safety from the design and 
construction of the system to when it is fully developed and functioning. 

The FLL standard is the most widely used in Europe and the requirements are widely considered 
the most reliable and successful. In the standard, all intensive green roofs are classified as hard 
roofs, or roofs that are adequately resistant to sparks and radiant heat. While intensive roofs are 
considered suitable systems that provide acceptable fire safety, extensive green roofs are only 
considered fire resistant if they meet specific requirements, regarding: firebreaks (with precise 
dimensions and locations), substrate characteristics (values of minimum depth and maximum 
organic content), type of vegetation used, and preventing the system from drying out (required to 
keep the roof alive and maintained according to standard). 

The success of the enforcement of these requirements is emphasized by the fact that there have 
been no fire accidents on green roofs that follow the FLL standard, since its inception almost 40 
years ago. Also, it is important to highlight that many other standards, including other documents 
that were analyzed in this research, have adapted similar requirements as FLL in terms of fire 
design. 

Unlike FLL, UNI11235 does not mention the fire risk topic, but it provides extensive information 
regarding the maintenance of green living technologies, which is an integral aspect to ensuring fire 
safety in these systems. The UNI11235 standard considers the regular care of the plants (including 
removal of excessive or dead organic material), the roof, and the irrigation system as necessary 
and sufficient actions to guarantee fire resistance. 

Due to the possible prolong drought in Mediterranean climates, the irrigation system is strongly 
recommended also for extensive green roofs. In conjunction with its maintenance, the presence of 
a functioning irrigation system represents a guarantee in case of fire. 

The documents produced in the UK (i.e., CIBSE Guideline, GRO Guideline, and Fire Performance of 
Green Roofs and Walls) provide similar information to that of the FLL standard, specifically 
emphasizing that green roofs are considered fire resistive when designed in compliance with the 
standards and are regularly maintained. The CIBSE Guidelines specify that, even though there is 
evidence that plants (particularly well irrigated plants with a substrate saturated in water) can 
help slow the spread of fire to and from a building through the roof, dry plants can still present a 
fire hazard. Also, Fire Performance of Green Roofs and Walls emphasizes this point by indicating 



that roofs and walls that are kept moist are resistant to ignition, but can present more of a fire risk 
if the systems dry out, which can occur during a drought period if no irrigation is provided.  

To support this statement, the Fire Performance of Green Roofs and Walls research provides the 
results of fire-tests conducted on green roofs and walls. No ignition occurred in any described 
cases in roofs or walls, even when completely dry, which is a very unlikely condition in a living 
system. The only condition that presented any fire hazard was when the majority of roof substrate 
was leave mould in high concentration, which is an extremely rare condition that is below the level 
of maintenance required according to standards.  

This is an important point because, although green living systems could not ignite or help the 
spread of fire, it does not completely rule them out as being a potential fire hazard, in specific (but 
rare) situations. This is a distinct difference between some of the documents produced in the UK 
and a standard such as FLL, where it specifies that all intensive roofs are adequately resistant to 
sparks and radiant heat.  

The standards from US provide similar requirements to the FLL standard for green roofs, and the 
research studies also present some additional interesting information and fire concerns.  

The ANSI/SPRI VF–1 External Fire Design Standard for Vegetative Roofs standard provides a full list 
of requirements for succulent-based and grass-based green roof systems fire design including 
dimensions of fire stops, rules for large green roofs, reference standard for fire tests. There is no 
discrepancy between this standard and FLL, in relation to green roofs.  

While FM Global Property Loss Prevention Data Sheets 1-35: Green Roofs Systems provides the 
same information regarding dimensions for border free zones and vegetation type, it also 
indicates that exterior fire exposure for green roofs is not possible, and interior fire exposure of 
green roofs shall be treated the same as conventional roofing systems on a metal deck.  

Bridging the Gap: Fire Safety and Green Buildings - A Fire and Building Safety Guide to Green 
Construction highlights the importance of evaluating the selection of vegetation, when designing 
green roofs for exterior fire exposure. For example, to enhance the roof's fire performance, plants 
with high moisture content, such as low-growing succulents, is encouraged, while plants with high 
levels oils or resins should be avoided, especially in areas prone to wildfires. Moreover, the 
accessibility requirements are emphasized, due to the fact that, even though the green roofs may 
not present a direct fire threat, they cannot contribute to hindering access to fire services or the 
emergency operations.  

Fire Safety Challenges of Green Buildings: Final Report classifies the potential fire hazards, the 
respective mitigation strategies, and effects if the mitigation strategies are not employed for 
different green living technologies. For example:  

• Vegetative roofs: 
o A moderate fire threat and can contribute to fire loads, spread of fire, impact 

firefighter operations, impact smoke/heat ventilation, or threaten the stability of a 
structure during a fire event; 

o These threats can be mitigated by assuring that there is adequate fire department 
access, ventilation, approved materials are used, etc.;  

o If these strategies are not employed, flames can spread and firefighter access and 
operations can be restricted;  



• Exterior vegetative covering (i.e., façades and walls): 
o A low fire threat, but can impact firefighter operations and may be susceptible to 

WUI (Wildland-Urban Interference) fires; 
o These threat can be mitigated by limiting the volume of exterior vegetative 

covering; 
o If the mitigation strategies are not employed, this could impact the evacuation of 

building occupants.  

This research also provides a list of 20 important fire accidents, with full references describing 
their characteristics and causes, but no green roofs or façades/walls were involved in any of the 
case studies.  

Following the analysis of the documents, some final considerations and conclusions can be made:  
1) There are not reasonable grounds to consider green roof systems (extensive or intensive) 

as a fire risk if designed, built and maintained in accordance with the standards. In several 
documents, green roofs and façades/walls are defined as very resistant to ignition if kept 
moist (which is the normal condition to keep the systems alive). It is accepted that 
vegetation, which receives regular maintenance and irrigation, do not pose a fire hazard. 
Furthermore, no noteworthy fire accidents have been caused or made worse due to green 
roofs. 

2) Some of the analyzed documents suggest that green roofs could be a fire hazard, but these 
statements are not always explained. 

3) The following table summarizes the information about fire hazards and the possible 
mitigation strategies for green roofs and façades/walls from all the analyzed documents: 

Fire risks Mitigation Strategies 

• No maintenance (the presence of dead plants, 
dry leaves/branches, etc.); 

• No irrigation (some extensive green roofs or 
malfunctioning irrigation systems); 

• High amounts of organic content in the growing 
media (not up to standards); 

• Presence of combustible elements/supports 
(i.e., wood). 

• Obligation to create a maintenance plan; this would include 
a lot of effective actions against possible fire risks 
(removing dead plants, dry leaves/branches, etc.); 

• Obligation to also include an irrigation system for extensive 
green roofs; 

• Reduce the organic content in the growing media to less 
than 20% (according to standards); 

• Growing media depth is greater than 3 cm (according to 
standards); 

• Use of fire breaks (non-vegetated borders and high wall 
barrier according to standards); 

• Use of plants with high moisture/low resin content, instead 
of grasses and mosses; 

• Non-vegetative elements/supports must be non-flammable 
material; 

• In any cases, secure roof access provisions for firefighters. 

4) Specific documentation about fire tests on green roofs have not been extensively analyzed, 
but it is reported in the technical literature that many of the specified requirements are 
based on a large research testing program performed in 1988 by The Research and 
Material Testing Laboratory of Baden-Württemberg, Germany. These tests showed that 
extensive green roofs are nearly impossible to set on fire, and fire risk is 15-20 times 
greater on conventional roofs with bituminous waterproofing membranes. New tests that 
have been recently conducted have shown similar results. That being said, it is important 
to underline that there are no existing fire testing procedures for green roofs 
known/approved at the international scale. This gap should be addressed. 

5) Two layers of green roof systems can be considered crucial for fire safety concerns: 



a. Vegetation support course (substrate): A mixture of several materials, mostly inert 
(i.e., volcanic stones, broken bricks, various mineral aggregates, etc.), and the 
remainder is organic material (i.e., topsoil, compost, etc.). It is important that the 
amount of organic content in the substrate is in accordance with the standards for 
agronomic reasons, but also to reduce its capacity to support combustion in dry 
conditions. Its limit is fixed at 20%. 

b. Vegetation: Plants can burn differently depending on the species selected (different 
plants can have varying fire risk depending on moisture and oil/resin content), the 
shape/dimension (big shrubs and trees may be more exposed to direct flame attack 
and could allow more fire spread compared to smaller plants), and the level of 
maintenance that can be provided to the plant (dry, unmaintained plants can pose 
fire risk and, depending on the species, some plants require vigorous maintenance 
activities, while other require minimal upkeep). In general, to lower any possible 
risk of fire on green roofs dry foliage/branches and dead plants must be removed as 
part of ordinary maintenance; plants with high oil/resin content should be avoided; 
fast growing plants and plants characterized by high biomass should be carefully 
considered in the maintenance planning phase (and possibly should be avoided). 

6) Irrigation systems, a common aspect of green living technologies, represent the first 
available device for keeping the systems moist and, in some cases, for controlling possible 
flames. Although extensive green roofs are designed to be drought tolerant, an irrigation 
system should still be installed to prevent the layering from drying out. 

7) Considering the importance of maintenance for the green living systems (i.e., removing dry 
leaves and dead plants, guaranteeing the irrigation system is properly functioning, avoiding 
the system from drying out, etc.), there may be an obligation to update the maintenance 
plan, depending on the needs of the green system and how it develops following its 
installation. 

8) No standards exist on green living façades/walls, so standards and mandatory 
requirements regarding green façades/walls have to be created, including information 
regarding fire safety concerns of green living technology on vertical surfaces. This is a 
developing technology that is becoming increasingly popular, especially on tall buildings, so 
it is important area that should be addressed. This is a main gap in existing standards which 
is highlighted by this research. 

9) No existing instructions are provided by any current standards regarding the use of green 
living systems in interior environments. 

10) Considering the doubts raised in several documents, the realistic fire risks are not fully 
provided in the standards, there are several questions that need to be clearly answered:  
When do green living technologies have potential flame spread capabilities? 
What is the limit between fire security conditions and minimum fire risk level? 
What do green living roofs and green living façades have in common for concerns 
regarding reactions to fire? 
Is it possible to provide a fire resistance rating or other classification for green living 
technologies?  
How do innovative green living façades/walls react to fire? 

11) From some of the analyzed documents, green living technologies may constitute a fire 
hazard in specific conditions (i.e., lack of maintenance, presence of dry leaves/branches or 
dead plants, dry out systems, etc.). A full range of testing, conducted for every scenario 
(i.e., different support courses, different types of vegetation, different locations including 
interiors), could dispel any doubt regarding the fire risk of vegetative systems. 



12) New research and fire-test campaigns are needed for specific characteristics that have not 
been examined to determine more detailed information on the fire performance of green 
living technologies and possible new requirements that need to be introduced in the 
standards. 

About wind design:  
In general, the analyzed documents reference national standards for concerns regarding 
waterproofing membrane design and calculation of wind loads, but the wind design topic is 
approached in various ways depending on the detail and scope of the document.  

The FLL standard frames the problems with green roofs when designing for wind loads, providing 
requirements for different conditions and factors that may affect the wind design, including: when 
the waterproofing membrane is not rigidly affixed; considerations for edges and corners of the 
roof (which are generally more susceptible to wind); and the types of ballast to use in different 
case (i.e., just the substrate layering vs. increasing the weight with gravel/slabs). The FLL standard 
also references other standards (i.e., DIN 1055-4; DIN 1055-100; ZVDH/HDB Rules for Roofs with 
Waterproofing) for the calculation of necessary loads for wind suction, for the coefficient of wind 
actions, and for requirements for roofs with waterproofing membranes. Detailed values of the 
loads of residual moisture in soil, water storage layer, and of vegetation are provided in the 
appendix.  

The standard also lists several factors to consider when calculating the weight of gravel or 
concrete slabs if needed, including: the coarseness of the vegetation; the load generated by 
residual moisture in the substrate; the load generated by vegetation; the bonding of the layers 
through the action of the roots compared to loose materials; the wind permeability of vegetation 
which diffuses the pressure difference between the top and the bottom, reducing the loads. For 
calculations, the standard refers to DIN1055-4, which prescribes an aerodynamic coefficient the 
outside pressure of 10.  

Specific considerations are given to prevent green roofs against slipping, shearing, and erosion. 
Finally, the techniques for ensuring the stability of trees and shrubs are explained (bracing and 
anchoring the plants).  

Additionally, UNI 11235 provides:  
• A number of factors to consider in the selection of appropriate vegetation in windy sites, 

including: characteristics of the foliage, height of the vegetation, anchoring capacity of the 
root system, the stem and branches elasticity, the impact of surroundings buildings, and 
the potential need for temporary or permanent anchoring devices;   

• A description of plant anchorage (i.e., the maximum angle of the fixings should be 60° and 
the calculations for wind actions should use a 1.5 multiplier as the factor of safety);   

• A definition of ballast zones, including the requirements regarding the minimum width 
around opening and the locations of ballasts;   

• References to other standards to determine the wind force and wind load estimations 
(Eurocode 1: Actions on structures — Part 1-4: General actions — Wind actions);   

• Instructions for trees, including: the vertical stability of trees in a shallow substrate must be 
increased in particular roots growing conditions, such as flat root-ball cases; tall trees must 
be anchored to the building; and a list of forbidden plant species.   

 



ANSI/SPRI VF-1 is exclusively dedicated to wind design of extensive green roofs and it provides a 
complete method for the design of three roofs layering options and with two ballast options, 
depending on weight. Factors to determine which design and ballast option to use include the 
maximum wind speed, surrounding surface roughness, building height, and the parapet height. 
This standard provides an easy method to design extensive green roofs safe from effects of strong 
wind loads, but the limited choices mean that the flexibility of design is limited to the systems 
explained and some systems are excluded from this document (i.e., intensive green roofs and 
green façades/walls).   

FM Global Property Loss Prevention Data Sheets 1-35: Green Roofs Systems provides several 
instructions and restrictions regarding the use of vegetation support course (substrate) as a ballast 
against wind uplift pressure, and provides a safety factor and a particularly high minimum 
substrate depth, compared to other documents. This document also references to other standards 
(i.e., Data Sheets 1-28 Wind Design; Data Sheets 1-29 Deck Securements and Above-Deck Roof 
Components) for detailed instructions relating wind design calculations.  

Some specific mandatory instructions are given regarding the use of pavers vs. gravel, the 
anchoring of pre-cultivated vegetated mats, and requirements for woody vegetation.  

Following the analysis of the documents, some final considerations and conclusions can be made: 
  

1) Different reference standards are provided for calculating wind uplift pressure. Although 
the rules for defining ballasts are similar throughout the documents, there are slight 
differences with different standards. It is important to note that, generally, reduction of 
the weight of green roofs is seen as a positive to reduce to overall load on building 
structures, but elements, such as ballasts, which can significantly increase the overall 
weight, are seen as necessary to ensure safety against wind, particularly on edges and 
corners. In cases where wind loads are particularly strong, it is suggested that unique 
engineering analyses are conducted, especially for intensive roofs with high plants.  

2) All necessary information needed regarding the definition of anchoring systems for trees 
and big shrubs in order to avoid uprooting is not complete in the documents that have 
been analyzed. Additional research on this is necessary to determine what anchors 
currently exist, which method of anchoring should be used, when are they necessary, and 
where should they be installed for woody plants.   

3) Methods to avoid debris are given, but in cases with more complex landscape designs, such 
as intensive greening systems with trees, no explicit instructions are provided.   

4) Wind design of green living façades is not addressed in international standards.   
 

About irrigation:  
General information regarding irrigation of green roofs is explained in almost all of the analyzed 
documents, with specific tips for green roofs, and reference standards for any technical 
requirements. In most of the documents irrigation is strongly recommended, even when draught 
tolerant greening is used to avoid stress to plants in the first stages of the planting or during long 
dry periods. Like the selection of vegetation, the selection of the irrigation system is part of the 
overall landscape of a green roof and has to be designed by experts in the field, taking into 
account the specific needs of the plants and using the water source efficiently.  



Additionally, as previously mentioned the irrigation system can prevent green systems from drying 
out and is a good measure for fire prevention, so their installation may become mandatory.  

About maintenance / cost estimation  
The maintenance of green roofs is a key topic for green living technologies and the frequency of 
maintenance is the main parameter to classify if a system is an extensive, semi-intensive, or 
intensive green roof. Extensive green roofs require a minimum maintenance, while semi-intensive 
and intensive green roofs require more. The frequency and the type of maintenance operations 
performed, is considered one of the main aspects to guarantee successful green living systems, in 
terms of longevity, fire safety, and occupant safety.  

Both FLL and UNI 11235 provide the most extensive information regarding maintenance 
operations.  

The FLL standard provides a full list of tasks and frequency that they should be preformed for 
extensive and intensive greening. It also refers to the DIN 18919 standard, for maintenance 
actions for landscaping at ground level.  

The UNI 11235 is by far the most extensive and reliable standard for maintenance actions. In 
additional to providing the information on the operations and frequency, it separates 
maintenance actions into different categories (i.e., starting maintenance to control, starting 
maintenance for ordinary maintenance, ordinary maintenance, extraordinary maintenance, 
maintenance of the drainage system, gutters, drainpipes and waterproofing membrane, and 
maintenance of irrigation and electrical systems).  

The standard also supplies information for the amount of man hours required per area (m2) per 
year for different type of green systems. This is imperative to understand the amount of costs a 
building owner or manager will need to pay to maintain a successful green living system, and 
necessary to create an accurate maintenance plan. An example of a maintenance plan is provided 
and references to another standard (UNI 11540:2014 –Guidelines for writing and realizing of a 
maintenance plan of roofs with waterproofing membranes) is provided, with a view to ensure a 
thorough maintenance plan considered from the design-phase of any new green system.  

The importance of the creation of a detailed maintenance plan in emphasized in the following 
analyzed documents:  

• ASTM E2777-14 Standard Guide for Vegetative (Green) Roofs Systems, 2014.  
• State of Victoria through the Department of Environment and Primary Industry, Growing 

Green Guide. A guide to green roofs, walls and facades in Melbourne and Victoria, 
Australia, 2014.  

• Toronto Municipal Code, Chapter 492 Green Roofs, 2013.  
• GRHC Advanced Green Roof Maintenance, 2011. 

The GRHC – Green Roofs for Healthy Cities, Advanced Green Roof Maintenance, 2011 is an 
extensive document, dedicated entirely to maintenance of green roofs. It identifies factors that 
may influence costs, the specific operations during the installation of the green roof, necessary 
operations during the initial development of vegetation, and operations after the establishment of 
vegetation. Then, maintenance contracts and warranties are outlined.   



ANSI/SPRI RP-14 2010 suggests that additional maintenance actions should be taken on a green 
roof following every strong wind event. 

It is possible that there are no gaps in existing standards for maintenance concerns. Following 
requirements and suggestions in existing standards and documents, it appears that a thorough 
maintenance plan can provide a successful and safe green living system. That being said, due to 
the popularity of green roofs, additional considerations could be made to help ensure safe access 
and conditions for gardeners and other workers performing the maintenance actions.  Like the 
previous topics (fire safety, wind design, and irrigation), maintenance requirements for green 
living systems are not featured in the international codes. 

Conclusions: 
This research highlights the requirements and practices regarding green living technologies, as 
expressed in existing standards, guidelines, research, etc.  
 
The requirements from all the analyzed documents provide extensive information of green roof 
design in regard to the 4 main topics: fire risk / fire safety; wind design, irrigation, maintenance / 
cost estimation. That being said, there are clear areas where the existing standards can be 
developed, including undefined fire and wind design considerations for certain green roof 
scenarios. 

For green roofs, new requirements and recommendations may be needed to increase the 
understanding of green systems. Several standards use appendix and commentary sections to 
provide more information, but these can be further expanded considering green systems require 
design strategies atypical of traditional building components, as they are living systems that are 
characterized by factors that are not easily definable, measurable, or classifiable. Additional 
recommendations and deepening specific topics can help make designers aware of possible 
solutions or scenarios, which can solve potential problems that may be difficult to define as 
precise “requirements” or “rules”. 

Regarding fire risk, a new test campaign, supported by new research, should be developed in 
order to clarify the doubts about the fire reaction of green living technologies raised by some of 
the analyzed documents. New research should investigate: 

• The fire reaction of a full range of green living technologies (i.e. different type of 
vegetation, type of substrates, irrigation, presence of ventilation layer in case of facades, 
etc.); 

• The fire reaction under a full range of scenarios (i.e. climate, accessibility, tall buildings, 
etc.); 

• How to set realistic cases scenarios to be tested; 
• How to express the fire test results. 

The fire tests should clarify: 
1) The cases/scenarios in which green living technologies may have a potential flame 

capability and the worst cases scenarios for roofs, façades and interiors; 
2) The limiting conditions to ensure fire safety of green living technologies. 

The output of the new test campaign, supported by the new research, should provide complete 
guidelines/standards to ensure the fire protection of green living technologies. 



Also, in case of wind design, significant gaps in the standards can be noticed. A new research to 
investigate both green living roofs and façades/walls is needed to answer: 

1) What plants characteristics that should be avoided in design phase in order to ensure wind 
safety? 

2) Which cases/scenarios will require the use of anchoring systems? 
3) What type of anchoring systems should be chosen in different cases? 
4) What requirements and solutions are needed to avoid debris, especially in case of complex 

landscape design? 

Similar to the required test campaign for fire safety, the output of this new research should 
provide complete guidelines/standard for the wind design of green living technologies. 

The topics of irrigation and maintenance are already quite well developed by the existing 
standards. A few new recommendations/obligations could be introduced in the standards, as 
described in the Final Considerations.   

As mentioned, one scenario that has very few existing requirements are green living technologies 
that are applied to tall buildings; just minimal requirements relating to wind and fire design can be 
found in the analyzed standards. Considering the specificities of safety issues connected with tall 
buildings, certain requirements may need specific restrictions and areas that need redefining, 
depending on the specific standards and research related to existing systems that have already 
been applied to tall buildings.  

For green living façades/walls, a huge effort must be done, considering that no extensive testing 
has been performed and there is a wide range of systems employed to achieve a vertical green 
system with vastly different characteristics (i.e., modular wall panels, a hanging garden, 
hydroponics, etc.). Due to the increasingly popularity of green façades/walls, it is important that 
an effort is made to update the standards. 

The improvement of existing research, testing, and requirements by international, interdisciplinary 
experts is necessary for creating a globally accepted standards, in order to increase the amount of 
vegetative systems used, while also encouraging the continued advancement in new green living 
technologies.  



Classification of green living roofs 
Green living roofs are defined by the level of maintenance required to keep the system alive and in 
good health. The following table summarizes the main characteristics of the widest recognized 
classification of these technologies, which separates green roofs into 3 main categories (extensive, 
semi-intensive, and intensive): 
 
Green Roof Type Extensive Semi-Intensive Intensive 

Typical section 

 

 

 

Main characteristics 

This system uses plant species 
that require minimum 
maintenance in order to adapt 
and grow in the environmental 
conditions where they are 
placed. The species are 
characterized by the ability to 
adapt to the environment, in 
both winter and summer 
periods, through reproductive 
efficiency, frugality, and 
resistance to water and 
thermal stress. 

This system uses plant species 
that require medium-intensity 
maintenance in order to adapt 
and grow in the environmental 
conditions where they are 
placed, according to the 
associations of plant species. 

This system uses plant species 
that require medium- to high-
intensity maintenance in order 
to adapt and grow in the 
environmental conditions 
where they are placed, 
according to the associations of 
plant species. 

Vegetation Normally Sedum and succulent 
plants (water storage plants) 

Normally grass Various types of plant species, 
including shrubs and trees 

Components of the 
system (above the 
waterproofing) 

The same as intensive and 
semi-intensive greening, but 
some thin systems may exclude 
the filter layer or the water 
storage layer. 

• Vegetation 
• Vegetation support course 
• Filter layer 
• Drainage course + water storage layer 
• Protective layer 
• Root resistant membrane 

Maintenance 

Ordinary maintenance is 
limited to monitoring: the 
physiological state and health 
of the plants; the activities of 
the system; and the presence 
of parasites and weeds. 
 
Frequency: 2-4 times/year 

Ordinary maintenance includes 
monitoring the activities of 
plants and systems and 
applying all necessary 
agronomic activities normally 
applied to lawns, including: 
removing unwanted 
vegetation; fertilizing; 
watering; repeated seeding; 
etc. according to the plants 
needs. 
 
Frequency: 6-8 times/year 

Ordinary maintenance includes 
monitoring the activities of 
plants and systems and 
applying all necessary 
agronomic activities normally 
applied to gardens, including: 
removing unwanted 
vegetation, fallen leaves, and 
dead material; pruning; 
mulching; fertilizing; watering; 
repeated seeding; fixing plant 
protection; etc. according to 
the plants needs. 
 
Frequency: 8-10 times/year 

Irrigation Occasional irrigation needed to 
avoid stress on plants 

Irrigation is needed Irrigation is needed 
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