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Abstract: Indoor air quality is now considered one of the most recent and important topic in the sustainable 

movement, as it has a direct impact on the human health and his quality of life. This research is a part of 

developing Green Pyramid Rating System for Hotels (GPRS-H) in Egypt to promote the transformation of the 

mainstream hotels industry towards more sustainable practices. The aim of this research is developing a tool for 

the assessment of indoor air quality in hotels to guarantee high indoor air quality under hygienic perspectives. 

The research was based on the comparative analysis of indoor air quality in two International Certification 

Systems; the German Certificate for Sustainable Buildings (DGNB for Hotels) as the first sustainable assessment 

certificate for hotels and the Leadership in Energy & Environmental Design (LEED for Hospitality) as the most 

famous and widely applicable system worldwide. As a result an excel sheet for indoor air quality assessment is 

developed based on qualitative and/or quantitative criteria and indicators that address control of contaminant 

sources to minimize risk to indoor air, providing appropriate and sufficient ventilation dilution of contaminants  

and indoor air quality assessment through testing of indoor air and the monitoring of the indoor air quality. As a 

conclusion being in an initial stage, some indicators still could not be evaluated at the meantime in Egypt .This 

raises a basic question as to what necessary steps must be taken for the adaption of the system and its dynamic 

development, with the continuous significant re-appraisal of the system and the parallel completion of the data 

required for the evaluation of these indicators. 

Keywords: Indoor Air Quality, Sustainable Hotels, Sustainable Rating Systems for hospitality, Low emitting 

building materials, Indoor Air Quality Assessment.  

1. Introduction  

      Nowadays, there is a growing trend towards sustainability in tourism sector all over the world, to reduce the 

negative impact of this sector on our planet. Because of the significant role of tourism in the national economy 

of Egypt, the shift towards sustainable tourism, is no longer a luxury, but has become an urgent necessity to 

maintain regional competitiveness and place Egypt as a sustainable tourism destination. As a result, a sustainable 

rating system (GPRS-Hotels) was established by Housing and Building Research Center's (HBRC) team with the 

technical assistance of consultants and auditors with practical experience in the application of the German 

Certificate for Sustainable Buildings (DGNB) System. The developed rating system could be used as a technical 

guide for qualified and licensed GPRS_H Assessors to complete the assessment, as an aid for GPRS_H Auditors 

to achieve the desired GPRS_H rating and as a reference for the client whose proposed hotel is to be assessed. 

This paper focuses on indoor air quality which has been the most recent topic considered in the sustainable 

movement nowadays, as it highly influences the status of human health. Sustainable hotels with high indoor air 

quality not only protect the health and comfort of the occupants, but also enhance productivity, decrease 

absenteeism of workers and improve the hotel’s value as well. The performance of indoor air quality will be 

considered through building and construction phase. 
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2.  Research Objectives  

The indoor air pollution has become a challenging problem of the modern era which has a very serious 

impact upon human health, that's why the aim of the research was to develop practical tool for the assessment of 

indoor air quality in sustainable hospitality buildings and; to provide a healthy indoor air quality for building 

occupants and visitors through; 

 Encouraging the use of low emission adhesives, sealants, and paints, coatings, flooring and ceiling 

systems and to mitigate the health risks associated with the emissions from building products; 

 Providing sufficient air ventilation and protect the quality of air drawn into the building. 

 Eliminating exposure of building occupants to the harmful effects of tobacco smoke, the risk of 

Legionella in water based building systems and other pathogens;  

 Implementing construction practices that promote a high degree of indoor air quality (IAQ) for 

construction workers and building occupants and to facilitate the provision of adequate air quality within 

enclosed car parks. 

3.  Method 

     This paper focuses on the indoor air quality in hospitality buildings through a comparative analysis of the first 
two rating systems for hotels: the German Sustainable Building Certificate (DGNB) for hotels and the 
Leadership in Energy and Environmental Design (LEED) V4: Hospitality, from the indoor air quality point of 
view.  

3.1. DGNB for Hotels 

      The “German Sustainable Building Certification” emphasizes an integrated view over the whole life-cycle of 

the building and is based on the three classic columns of sustainability: ecology, economy and social aspects in 

planning, construction, and operation of buildings in Germany.  In addition to them there were created two cross 

section categories targeting aspects of the technique and of the process. The location is assessed in an extra grade, 

as shown in fig: 1. An assessment relies on 63 criteria (there are currently 49 from 63 criterions activated and 

distributed into six categories and each category is weighted in the overall score of the building.  In the criteria 

are listed the indicators that are evaluated either qualitatively or quantitatively. Each criterion has a value of ten 

points. To ensure flexibility of the assessment, each criterion can be weighted depending on the relevance for the 

building type from 0 to 3.  

      Indoor air quality in DGNB for Hotels: In the DGNB for Hotels, there are two criteria that have a direct 

effect on indoor air quality and without the fulfilment of the minimum requirements of these only two criteria 

the building could not be certified. In addition there are 20 credit points could be achieved. These criteria are: 

 Criterion 6  : Risks to Local Environment in Ecological Quality Category. 

 Criterion 20: Indoor Hygiene in Social - Cultural Category. 

3.2. (LEED) BD+C: Hospitality 

     LEED V4 includes the very first LEED rating system for hospitality which went live in November. It has 

taken an unprecedented stand on human health. Enhance individual human health and well-being was one of the 

main LEED's goals which were referred to as "impact categories" that have been selected to provide the 

framework for the technical development of LEED version 4. LEED BD+C: Hospitality system is subdivided 

into six categories and weighted by points as shown in fig: 1. Categories contain prerequisites that are obligatory 

and credits which are free to be achieved. Altogether there is a gain of 110 points in 43 credits. Additionally 12 

prerequisites have to be fulfilled [1].  
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      Indoor air quality in LEED V4- Hospitality: For Indoor air quality assessment in LEED V4-Hospitality, there 

are 8 possible points and 2 Prerequisite requirements. All Prerequisite & Credits related to indoor air quality are 

found in Indoor Environmental Quality (EQ) Category, they are: 

 Prerequisite: Minimum indoor air quality performance. 

 Prerequisite: Environmental Tobacco Smoke Control. 

 Credit: Enhanced indoor air quality strategies. 

 Credit : Low-emitting materials. 

 Credit: Construction indoor air quality management plan. 

 Credit: Indoor air quality assessment. 

 

 

 

 

 

 

 

Fig. 1: The percentage of different categories in DGNB and possible points  for each category in the LEED 

3.3. Comparison between indoor air assessment in DGNB for Hotels and LEED for Hospitality 

    Although the categorization and criteria catalogue of the two assessment methods are radically different and 

different sustainability topics are allocated under different categories with different weightings, but the criteria 

related to indoor air quality in both two systems are mandatory and without the fulfilment of the minimum 

requirements of these criteria the building could not be certified as shown in Fig.2 and Fig. 3. In addition there 

are credit points that could be achieved. In DGNB the selection of building materials to avoid or reduce the 

indoor air pollution was separated from Indoor Hygiene in Socio-cultural and Functional Quality and dealt with 

in the Risk to Local Environment in the Ecological Quality and it is mandatory, meanwhile all the criteria related 

to the indoor air pollution are dealt with in only one category which is the Indoor Environmental Quality and the 

selection of Low-emitting materials isn't mandatory but 3 possible point could be achieved. Moreover, indoor air 

testing is mandatory in the DGNB while it is optional in the LEED and 2 possible points could be achieved as 

shown in Table 1. 

 

 

 

 

 

 

 

 

 
Fig. 2: Mandatory criteria related to indoor 

air quality in DGNB for hotels represent 

100% of the total number of mandatory 

criteria 

Fig. 3: Mandatory criteria related to indoor 

air quality in LEED V4: Hospitality represent 

17% of the total number of mandatory criteria 
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TABLE I: Comparison between Indoor Air Quality Assessment in the Two Pioneer Rating Systems for Hospitality 

Comparison Between Indoor Air Quality Assessment in The Two Pioneer Rating Systems for Hospitality 

DGNB for Hotels Weighing LEED V4 BD+C: Hospitality Weighing 

Ecological Quality 200 points out of 990 Indoor Environmental Quality (EQ) 16 points out of 110 

Risk To Local 

Environment 

Required 

In addition 

10-30 possible credit points  

Minimum indoor air quality 

performance  

 Ventilation 

 Monitoring 

Required 

In addition 

8 possible points  

Socio-cultural and 

Functional Quality 

280 points out of 990 Environmental Tobacco Smoke 

Control  

Required 

Indoor Hygiene 

 

Required 

In addition 

10-30 possible credit points 

Enhanced indoor air quality strategies 2 points 

Low-emitting materials 3 points 

Construction indoor air quality 

management plan  

1 points 

 

Indoor air quality assessment 

 Option 1. Flush-out (1 point) 

 Option 2. Air testing (2 points)  

2 points 

 

Total Mandatory 

60 possible points Approx.  6 % 

Total Mandatory 

8 possible points 

Approx. 7 % 

4. Results  

      Based on the analytical comparison between the two rating systems, the GPRS team with the technical 
assistant of DGNB experts developed GPRS-H to go with Egypt-specific legal, cultural and technical aspects. 
The basic approach for maintaining healthy indoor air is first to avoid the emission of pollutants as far as 
possible, and then to use ventilation to expel and dilute those pollutants which have been emitted. After that 
applying indoor air assessment to ensure a good and healthy indoor air quality as shown in Fig.4 . As a result a 
checklist was developed for indoor air quality in hotels. All the categories, indicators and possible credits are 
explained in the checklist shown in Fig 5-1 & Fig 5-2. But more explanation for some issues will be discussed 
below the checklist. 

 

 
Fig.4: The criteria and indicators developed for indoor air quality 
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Fig.5-1: The developed checklist for indoor air quality in sustainable hotels in Egypt 
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Fig.5-2: The developed checklist for indoor air quality in sustainable hotels in Egypt  

 
Important remarks for some important issues: 
 

 Measurement and evaluation of VOC emissions from building products 

      As still there is no eco-label for building materials now in Egypt, all the materials should be tested for the 

evaluation of emission of VOC in accordance with the Germany's Committee for the health - Related Evaluation 

of Building Products (AgBB) Testing and Evaluation Scheme [2] recommended by both the DGNB and the 

LEED systems. A building product which fulfils the requirements set out in (AgBB) Testing is suitable for use 

in enclosed building spaces.  If the building material is imported and certified by any international labels in the 
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field of construction materials that refer to emissions, e.g, the "Blue Angel", "EMICODE" in Germany or 

"Greenquard" in the USA, this material could not be tested but evidence should be submitted [3].  
 

 Listing of the component surfaces  

A product-specific list of at least 80 % of the surfaces of walls, floors, ceilings or roofs to be documented. 

Surfaces used for certain purposes can be excluded from consideration. In such a case, documentation must state 

that the excluded surfaces do not make up more than 20 % of the total surface area in that area of use e.g. 

elevators. 
 

 Ventilation based on occupancy and building components 

According to DIN 15251, the ventilation rate for non-residential buildings is designed based on building and 

occupancy components as shown in the checklist.  
 

 Testing of volatile organic compounds and formaldehyde  

As there is no possibility for estimation of indoor air concentration in relation to the emission mass flow of 

installed components, after completion of the building it is necessary to check the emission concentration of both 

volatile organic compounds and formaldehyde. The measured concentrations are the base for assessment. 

According to a World Health Organization (WHO) a concentration of TVOC (Total Volatile Organic 

Compounds) more than 3000μg/m³ [4] or more than 120μg/m³ for formaldehyde [5] will be classified as 

alarming. That’s the reason why buildings with such a high concentration will not be certified. Where levels are 

found to exceed these limits, the project team will take corrective action in accordance with the IAQ plan, to 

reduce the TVOC and formaldehyde levels to within the above limits. At the latest, after four weeks from the 

building completion, conduct baseline IAQ testing using protocols. Current versions of ISO methods could be 

used. Laboratories that conduct the tests for chemical analysis of formaldehyde and volatile organic compounds 

must be accredited under ISO/IEC 17025 for the test methods they use. The minimum numbers of rooms which 

have to inspect are specified in the following table. 
  

TABLE II: Number of rooms to be tested 

Rooms in the building Type of room standard Number of rooms to be tested 

< 100 Essentially the same types of room standards 2 

Room standards present in more than 10 % of all of the rooms in 

the building 

1 per type 

>100 Essentially the same types of room standards 3 

Room standards  types present in more than 10% of all of the 

rooms in the building 

2 per type 

 

5. Future Implementation 
 

As this is just a start for developing a sustainable rating system for hospitality in Egypt, this system should 

continually be developed and monitored. In this sector, experts from different sectors should work together 

across disciplines to ensure the quality of the system. Besides, applying this rating system on a pilot project 

would be very useful for making the research more valid. 
 

6. Conclusions 
 

      For enhancing indoor air quality, further work for this matter would be formed around this question: How 

could we set a data base for healthy building materials in Egypt? Housing and Building National Research 

Center (HBRC) has a big role in developing legal mechanisms, completing and improving standards, this role 

can be summarized as follows:   

 Understanding the current condition and the need for establishing a national association for the control of 

emissions from building materials. All manufactures of indoor installation products, adhesives, 

construction materials or supplier of associated raw materials anywhere in Egypt can become members of 

the association. And establishing a Technical Advisory Board whose main purpose will be to promote 

consumer, occupational and environmental protection in the field of chemical construction materials and 

adhesives. The first and most important step was to provide the market with suitable means to obtain an 
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impartial review of, and differentiation between the wealth of installation materials, adhesives and 

construction materials in respect of their VOC emission characteristics. In order to do so: 

o Test methods should be defined. Product tests may only be conducted by a test laboratory or 

institute accredited according to ISO 17025. The established association can provide names of 

accredited test institutes on request. 

o Developing a classification criteria for building materials for distinguishing product groups with 

certain common hazardous features. 

 Certifying tested and classified building materials, in order that all building materials available in the 

national market should be CERTIFIED.   

 Creating or completing building materials databases, establishing Material Directive for all existing 

active substances and systematic review will be fed . 

 Co-operation with Federation of Egyptian Industries and establishing local organizations and 

governmental or non-governmental departments for testing and certifying building materials following a 

procedure which must be developed and defined in cooperation with recognized testing institutions.  
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