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Abstract  

The adverse environmental condition of the 21st century can impede 

sustainable settlement in buildings for future use. However, historic buildings as an 

example of vernacular architecture have potential to provide a healthy indoor that 

resists the 21st-century climate change. With proper adaptation and improvements, not 

only such buildings provide a healthy indoor environment but also, they can control 

the new adverse climatic conditions. Muzaffarieh carpet market located in Tabriz 

Historic Bazaar Complex (THBC), as a practical example of vernacular architecture in 

Tabriz city, has the potential to withstand the adverse environmental conditions of the 

21st century. However, lack of local action plans and guidelines is a limit in the 

adaptation of this market to climate change.  

Through a comprehensive theoretical framework, the presented study reviews 

the sustainable strategies for adaptation of Muzaffarieh carpet market. Data and 

information are collected from recent reports and articles for this location; though, to 

find substantial evidence of the conditions need further investigation. The aim is to 

supply indoor spaces with solutions concerning healthy air and water efficiency and to 

come up with an educational approach for informing shopkeepers. Here, the adaptation 

plan for the indoor environment is suggested through studying a number of historic 

buildings in the U.S. that are certified as green buildings with similar climates like 

Tabriz. The presented suggestions can ensure the sustainable presence of users in 

THBC for a longer time. 



1 

 

Introduction 

 Tabriz Historic Bazaar Complex (THBC) as a brick building has an area of 27 

hectares with 3.5 miles of lanes [7]. This historical marketplace which is located in 

Tabriz, Iran has domed or vaulted structures which demonstrate different techniques of 

laying bricks [7]. Bazaar in Persian literature offers broad meanings. The name has 

been used for a crowded covered or semi-covered space. Bazaar is recognized as a 

place in which commercial activities are conducted. Therefore, it is a place for running 

a business which has evolved architectural characters of its own over time. 

Accordingly, THBC is the embodiment of this covered market typology [7]. 

 

 

 

Figure 0.1: Muzaffarieh Carpet Market [3]. 

Figure 0.3: Plan - Muzaffarieh Carpet Market [3]. 

 

Figure 0.2: Muzaffarieh Carpet Market [4]. 
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The whole THBC has been completely rebuilt several times, and most 

comprehensively in 1780 [8]. As shown in table 0.1, the complex consists of different 

spatial elements (See Appendix A and B [3, 9]). These functional spaces join the spine 

of THBC and create a multifunctional complex (See Appendix C [3]). THBC consists 

of 5500 stores with 40 professional guilds; 35 Sara (inn); 20 Rasteh (lane); 25 

Timcheh (trading and storage centers); 11 Dalan (corridors) along with 20 mosques 

with nine traditional schools [7]. All of the functional spaces work together to build a 

social, economic and cultural structure. 

Here, among different functional spaces in THBC, Timcheh is selected for 

studying adaptation purpose to climate change. In general, Timcheh is a trading and 

storage center, and it is a model of vernacular architecture (See Appendix C). These 

types of functional spaces are carrying out the economic activities in large scales [10]. 

The location of Timcheh is for selling and supplying particular expensive goods. 

Sometimes, they may also provide a place for social or cultural events. 

In THBC, as mentioned earlier, there are 25 locations called Timcheh. Each of 

them is popular for selling one specific product. Among them, Muzaffarieh carpet 

market is a Timcheh which had been used actively since 1880. Here is a significant 

 

Table 0.1: THBC Spatial Elements (See Appendix C [3]) 
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section within THBC with the social, cultural, and economic stance. This location as 

an example of vernacular architecture can provide a useful and efficient model 

showcasing how this type of structure can resist potential adverse environmental 

conditions of the 21st century; although, as long as these types of buildings continue to 

become adapted to the changing environment [11]. As mentioned by Roaf (2009) the 

current challenge is to incorporate the emerging low-impact technologies “in a truly 

twenty-first century vernacular of locally appropriate buildings and cities” [11].  

In the middle of the 1990s, under the auspices of Iran Cultural Heritage, 

Handcraft, and Tourism Organization (ICHTO) with the direct involvement of the 

traders and shopkeepers, THBC has undergone historic rehabilitation. THBC has been 

under protection and rehabilitation processes regulated by United Nations Educational, 

Scientific and Cultural Organization (UNESCO) and ICHTO for years [7]. Sustainable 

urban and cultural factors have been addressed as part of the THBC recent 

rehabilitation project. Throughout the project, the sustainability of THBC regarding its 

physical stability and longevity have been taken care of with maintenance works and 

manufacturing of local materials, along with the education of master builders. 

However, there is lack of prevention and adaptation strategies of THBC in the face of 

climate change. Adaptation is an approach to extending the useful life of buildings by 

a combination of improvements and conversions. It is considered to be an effective 

strategy to improve the sustainable use of historic buildings [12]. Few numbers of 

researchers have been working on the adaptation of historic buildings to climate 

change in Iran; while the adaptation of historic buildings can ensure the sustainable 

presence of users in them in the future and preserve the building from deterioration. As 
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discussed further by Lowe and Steemers, by implementing minor or major works, such 

historic buildings can be adapted to new conditions caused by future climate change 

[13, 14]. 

The ever-changing environment imposes new guidelines, standards, and 

organizations for planning adaptation to the altering climate; while the country is yet 

to develop an official national climate change action plan [15]. Up until 2015, Iran has 

envisioned climate change within the broader objective of achieving sustainable 

development [15]. This vision was incorporated into the 2025 Vision of Iran, the Fifth 

Five-Year National Development Plan, as well as in other macro policies and sectoral 

plans [15].  

The preservation of THBC historic characters imposes various restrictions and 

burden on this process. According to an onsite review report written by Radoine 

(2013), at this complex, even the replacement of the old materials with new ones is 

discouraged, and in the significant sections of THBC, the material selection is based 

on respect for the historical material use. However, rising environmental issues alarm 

and remind designers and stakeholders to provide plans to equip buildings with proper 

solutions in the face of climate change [11].The limit on the implementation of major 

works due to adaptation in THBC may impede sustainable settlement in the face of 

climate change. While the preservation of historic places as existing buildings is a 

viable solution to lower the environmental impacts; currently, their adaptation is being 

also considered to save these valuable pieces in the face of climate change. Hence, the 

conservation of historic places, such as THBC should be a vital strategy for building a 

sustainable environment, which addresses human needs in the 21st century.   
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Muzaffarieh carpet market should be adapted to the use of green indoor 

materials and technologies as part of the integrated design. To achieve a high-

performance building, integrated design process (IDP) are vital to sustainable interior 

design [16]. According to a guide published by Advisory Council on Historic 

Preservation (ACHP) in 2011, a result of a comprehensive post-occupancy evaluation 

of 12 sustainably designed buildings reveals the positive influence of IDP on 

sustainable design. The evaluations, includes two rehabilitated historic buildings 

certified for Leadership in Energy and Environmental Design (LEED), addresses 

improvement of buildings’ performance due to utilizing IDP [17].  

For analyzing the best choices in green materials and technologies within 

Muzaffarieh carpet market, here IDP looks at all the parameters of building related to 

water efficiency and indoor air. IDP is an approach to find the best decisions according 

to the relationships within and among different buildings systems and between the 

building, the occupants, and the indoor and outdoor environment [18]. According to 

the environmental protection agency (EPA) guideline for the healthy indoor 

environment, site location and climate, life-cycle analysis, and finding the maximum 

balance between healthy indoor and outdoor of buildings, and comfort need to be 

studied throughout IDP [19].  

Indoor air and water efficiency as two major indoor issues have been discussed 

as part of the adaptation of Muzaffarieh carpet market. The presented technologies and 

improvements are mentioned through IDP approach. The suggested improvements in 

these two categories are minimum required changes according to current climatic 

issues in Tabriz city. These alterations along with proper education can ensure the 
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sustainable presence of users in Muzaffarieh carpet market in THBC. The adaptation 

of Muzaffarieh carpet market promotes positive strategies not only for the 

improvement of THBC building but also it mainly aims at a broader popular audience 

in the region for their education. Through different case studies, the value and 

influences of educational approaches are reviewed in sustainable preservation of 

historic buildings. Also, given the case studies selected in similar climatic situations 

with THBC, materials, and technologies are discussed in the fields of indoor air and 

water efficiency. The following list of questions expand this topic further: 

1- What is an effective strategy for adaptation of Muzaffarieh carpet market to climate 

change?  

2- How does change of outdoor environment impact indoor air and water efficiency in 

Muzaffarieh carpet market (Timcheh) in THBC?  

3- How does education influence the effectiveness of materials and technologies 

selected?  

4- How do different case studies respond to the same issues of indoor air and water 

efficiency?  

5- What are comparable case studies using green education to inform audiences?  
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Chapter 1  

Review of World Literature  

1.1 The Concept of Cultural Heritage  

Within the twentieth century, historic preservation treated buildings as subjects 

frozen in time. Sohmer and Lang (1998) describe the practice of historic preservation 

during the twentieth century as a movement which began to save significant 

endangered buildings. However, “preservationists have tended to create sites frozen in 

time, museums of the past” [20]. Later on, in the late twentieth century, the concept 

has been altering to “context-sensitive historic preservation that accommodates the 

needs of individual neighborhoods” [20]. Donovan Rypkema (2005) confirmed this 

perception and stated that buildings “will neither be frozen in time nor look like they 

were built yesterday” [21]. He believes that they should become “a vehicle for 

achieving broader ends” [21].  

Historic buildings were in the path to evolve in the past. If the active and 

functional historic buildings are in a shifting environment, they will probably alter in 

some degree. Historic environments are environmentally sustainable; although, it 

would be unsound to use this fact to oppose possible changes [22]. The historic 

buildings must involve with the process of adaptation to climate change in which the 

entire world is undergoing; otherwise there is a real high risk that historic places 

become redundant, and consequently, the cost of such environmental demolition in the 

future will be irreparable [22].  
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1.2 Value of Historic Preservation 

Historic buildings may have a significant story about the past, serve as a 

tangible connection to the history, or they play a role as an economic engine within its 

community [23]. However, at the same time, different studies indicate how 

significantly the building rehabilitation impacts the environmental savings (in forms of 

greenhouse gas emissions reduction) [24]. In a report by Preservation Green Lab at the 

National Trust for Historic Preservation, retrofitting and reusing existing buildings has 

environmental values which may weigh in favor of building conservation. According 

to the report (2011), reuse and rehabilitation of existing buildings within 75 years 

lifespan offers immediate opportunities to address climate change impacts. As one of 

the key findings of this report, building reuse almost all the time yields fewer 

environmental impacts than new construction when comparing buildings of similar 

size and functionality. Different other studies also admit less ecological footprint of 

rehabilitation versus new building on the same plot [25, 26]. 

1.3 The Climate Change Impacts on Cultural Heritage Conservation 

Concern over climate change has dominated thinking about the global 

environment in recent decades [27]. Nevertheless, the impact of greenhouse warming 

on cultural heritage conservation both indoors and outdoors appear less remarkable 

than the impact on issues such as agriculture and health [27]. It has not been a critical 

part of assessments from the Intergovernmental Panel on Climate Change (IPCC); 

although some projects have contributed to this area and examined the potential for 

damage to cultural heritage and materials [27].  
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In the U.S., some agencies did not consider climate change as a considerable 

issue, while some other mentioned that they have a Climate Change Adaption Plan and 

they are concerned with the sustainability of their facilities in susceptible locations 

[28]. Among them, National Park Service (NPS) reported one of the most 

comprehensive planning efforts about protecting historic properties from the impacts 

of climate change [28]. Also, NPS provides leadership within the community of 

historic preservation toward preparing for the effects of climate change [28]. The 

Union of Concerned Scientists (UCS), a nonprofit organization that has worked on 

climate change science and policies for decades, had not previously addressed the 

issues of heritage preservation [29]. But in 2014, UCS released a series of case studies 

detailing how climate change is already affecting some of the U.S. cultural heritage 

[29]. 

1.3.1 Challenges ahead of Historic Building Conservation 

Adaptation of buildings mainly is reactive, which means that past events 

initiate it or current events. Also, the adaptation is also anticipatory because it is based 

on an assessment of conditions in the future [14, 30]. In practice, there is significant 

uncertainty regarding the impacts of an adaptation plan. In some cases, the impact may 

be evident and immediate, and subsequently, previous experiences are such a useful 

guide [14, 30]. Societies have adapted their behavior to past climatic changes, and 

many are now contemplating adjusting to future climatic conditions [11, 14, 30]. 

These conditions may be an increased threat to historic interiors and collections, but in 

most cases, knowledge of the range of interior environments around the world means 

it is likely there is already experience in managing them [27]. In other cases, for 
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example, where the action is innovative, the consequences of adaptation may not be 

known. 

There is a number of anticipatory challenges ahead of a conditioned historic 

building concerning indoor air. For instance, if HVAC system equips the building. 

Actions taken to reduce emissions of greenhouse gases (GHG) such as energy 

conservation may result in increased concentrations of indoor air contaminants in such 

buildings [31]. In a way that for reducing energy consumption due to HVAC systems, 

the buildings need to become airtight. However, at the same time, it will lower the 

overall ventilation and increase the indoor contaminant.  

Another issue can be resulted because of adding modern materials. Vernacular 

architecture for a long time employed natural local materials and techniques; however, 

the problem occurs only when a built cultural heritage is conserved by reconstruction 

and use of modern methods and materials [32]. Since, buildings are altered for their 

current functional use, and not for their reuse or deconstruction; thus building elements 

selection is not optimal from the beginning [32]. In this case, by using the principle of 

life cycle assessment, these consequences can be eliminated.   

Following less precipitation, historic buildings should be equipped with 

fixtures which allow them to utilize or even conserve water efficiently. Also, 

according to the local codes and regulations, they may only employ particular 

strategies to manage water utilization. However, as mentioned earlier, these strategies 

are following the local code. For instance, harvesting rainwater for consumption is 

prohibited by law in some states in U.S. Hence, depends on the location the suggested 
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water conservation strategies might be different. Though, the use of efficient water 

fixtures among different strategies is widely commonplace.  

1.3.2 Framework for Selection of Case Studies  

According to U.S. National Park Service (NPS), there are some in-danger 

historic buildings which have been adapted according to future climate condition in 

the country. There is few number of these cases, and all the buildings are located in 

the prone flooded area [29]. Hence, the climatic situations of these cases are different 

from THBC location, and as a result, the buildings are not equipped with the proper 

advancements that are compatible with THBC indoor. Hence, the priority in selection 

of technologies within case studies is based on how they correspond to future climatic 

issues of Tabriz city. The attention was given to find solutions based on the fields of 

indoor air, water efficiency and education within LEED certified historic buildings,  

In general, according to the U.S. Secretary of the Interior’s standards, four 

approaches for the treatment of historic properties are used: preservation, 

rehabilitation, restoration, and reconstruction. Among them, rehabilitation provides 

more possible alterations in historic places, and it is the probable treatment when a 

building needs major repair, replacements, modifications, or additions [33]. In this 

case, NPS recommends that preservation might be “appropriate if distinctive materials, 

features, and spaces are essentially intact and convey the building’s historical 

significance” [16]. NPS, also, recommends that the evaluation should be based on the 

building’s importance in history, physical condition, proposed use, and mandated code 

requirements [16].  
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The following evaluation criteria that are suggested by NPS will be used to 

further discussion about the case studies: 

1. Importance of history:  

Is the building a “nationally significant resource”?  

Was the site of an important event? 

2. Physical condition: 

What was the last condition of the building before rehabilitation? 

Has the original form survival mostly intact or has it been altered over time?  

Are the alterations and changes an essential part of the building’s history? 

3. Proposed use:  

Is the building going to continue its use as originally intended or is the project going to 

be adapted to a new use? 

4. Mandated code requirement:  

What are the primary codes? 

Accordingly, in the evaluation of case studies number of these question will be 

addressed.  

1.4 Adaptation of Historic Buildings: Effective Strategy   

Adaptation demonstrates rehabilitation, renovation or restoration works that do 

not necessarily impose the change of use. Rehabilitation is incorporating restoration 

and new construction through recycling of buildings [12]. The main difference is that 
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restoration simulates a building to the previous condition it was initially constructed, 

whereas renovation alters a building so that it meets current standards and codes [12]. 

Also, renovation extends the useful life of a building [12]. It can, therefore, be argued 

that adaptation is an approach for extending the useful life of a building, and hence, 

their sustainability through a combination of improvements and alteration [12]. 

Adaptations can create short-term or long-term effects [14, 30]. They 

may amplify the impacts of climate change through unsustainable anticipatory action, 

for instance, a series of hot summers increase in the UK in recent years due to the 

rising demand for air conditioning in cars and homes [14, 30]. The effectiveness of 

meeting short-term objectives in defining a successful adaptation is inefficient. The 

success of adjustments depends on the sequence and interaction of changes over time 

[14, 30]. Hence, adding measures to increase resilience in adaptations are less likely to 

have an environmental impact; if they also focus on achieving long-term objectives 

with broader sustainability considerations [14, 30].  In this case, extensive studies need 

to be done about resilience in adaptations in interior design field [34].  

Overall, in the face of climate change, historic interior environments will be 

preserved efficiently by utilizing preventative adaptations with long-term objective as 

well as considering environmentally responsible actions. As Winchip further discussed 

in her book Sustainable Design for Interior Environments “to protect the health and 

well-being of people, designers must incorporate sustainable strategies for indoor 

environmental quality, adhere to the regulations and best professional practice” [16]. 

In this respect, the LEED certification can be used as a valuable checklist for 

maximizing the sustainable qualities of historic buildings and adaptation [35].   
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Rating systems such as LEED offer various directions in the adaptation of old 

indoor spaces for climate change. However, through certification, LEED emphasizes 

more on climate change impacts by the reduction of greenhouse gas (GHG) emissions. 

For instance, the climate change impact category in LEED v4 only is an indicator of 

GHG emissions reduction for each credit [18]. But, other tools such as Climate 

Resilience Screening for LEED or pilot credits have been developed to show future 

sensitivities of sustainable projects to climate alterations.  

Adaptation of historic buildings also requires prediction of climatic conditions. 

The risks and hazards of most significant predicted climate parameters need to be 

assessed [22, 27, 30]. It is typical to use these predictions as a starting point in 

estimating future indoor conditions. For instance, Koppen-Geiger climate 

classification maps indicate observed and projected climate shifts from 1901 to 2100. 

Within the maps, most noticeable changes may be found in the Northern hemispheric, 

where arid climate, warm temperate climate, snow climate and polar climates 

successively shift to the north [36]. The map has been used in Climate Resilience 

Screening Tool for LEED V4 Projects to show climate adaptation sensitivity or 

opportunity for each credit.  

Educating people about the feasibility of the actions is also a part of an 

effective adaptation of historic buildings [2]. An educational plan incorporates 

environmental awareness into daily lifestyle of users [2]. The change and adaptation of 

significant historic buildings is an opportunity for public tours in which inform the 

users about the significance of such adaptation plan. Universities and schools have 
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admitted how a knowledgeable user group can lower the operational cost of a building 

[2].  

1.5 Climate Change Impacts on Tabriz Historic Bazaar Complex   

THBC, same as many historic buildings, has various qualities which make the 

complex an excellent example of sustainable architecture. But, the ever-changing 

environment imposes new adaptation of THBC to the altering climate. While Iran is 

still developing an official national climate change action plan [15]; up until 2015, the 

country has considered climate change within the broader objective of achieving 

sustainable development [15]. This vision was involved in the 2025 Vision of Iran, the 

Fifth Five-Year National Development Plan, and in other macro policies and sectoral 

plans [15].  

1.5.1 Sensitivity of Tabriz Historic Bazaar Complex 

The average temperature of Tabriz city is predicted to increase by 

approximately 3 °C by the middle of this century, and subsequently, the city would 

have less rain and hotter summers [37]. Zarghami, Abdi, Babaeian, Yousef and Kanani 

(2011) developed a research on the seasonal patterns of the precipitation and 

temperature in Tabriz and other cities in the vicinity during this century. According to 

the result, the rainfall and temperature are anticipated to change substantially within 

every year, and these changes will probably become even more severe in the period 

from 2080 to 2099 [37].  

The temperature indoors is likely to increase in the future in the absence of active 

climate control [27]. As it is expected, the indoor temperature will increase in cities like 
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Tabriz due to the rise of outdoor temperature [38]. The higher temperature is likely to 

impact the historic indoors in different ways [27]:  

1- Increase the sensitivity of organic materials to thermal decay. 

2- Higher outgassing of pollutants from the objects themselves (formic acid and acetic 

acid or lead). 

Also, in Tabriz, higher temperatures are expected to lead to lower relative 

humidity in the outdoor environment [39]. However, no direct relation between 

temperature increase and relative humidity have been found for indoor environments 

in Tabriz. According to Brimblecombe and Brimblecombe (2016), there is a 

possibility that humidity cycles indoors could have an increased amplitude and thus 

impose more stress on wooden objects and other organic materials. Humidity cycles 

have the potential to enhance salt weathering in porous stone [27]. Also, the potential 

for the increased presence of insects, which most typically damage wood and fabrics, 

might be realized if food and habitats remain available to them. The interior climate, 

especially increasing warmth, offers the potential for higher insect growth and 

survivability [40].  
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Chapter 2  

Water Efficiency 

2.1 Existing Issues in THBC 

Based on Zarghami et al. (2011), the results of their study can advise the 

designers to take suitable actions in securing the water supply in Tabriz. As the less 

rainfall is likely in this city, the use of appropriate fixtures or systems for water 

efficiency is becoming a vital strategy for better management of water usage. 

Subsequently, buildings such as THBC need to look for approaches for water 

efficiency and control.   

2.2 Review of Case Studies 

Different cases which currently experiences the issue of lower annual rainfall 

have been addressed using technologies and systems for water efficiency. The 

locations are selected based on the similarity with climatic problems of Tabriz city. 

For instance, the states such as Arizona, California, Colorado, Nevada, New Mexico, 

and Utah now are experiencing less precipitation than usual [41, 42]. Accordingly, 

case studies are selected within these locations.  

2.2.1 Low-flow Fixtures and Use of Graywater  

Public places with a large number of visitors can have an efficient control over 

water consumption with the use of water-efficient plumbing fixtures. These fixtures 

are commonplace now, and as part of the green building, they can reduce water usage 

by 75 percent [2]. For instance, Boulder Associates Sacramento Offices. This building 

which located in Boulder, CO was built in 1906.  The firm occupies two floors of the 
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Citizens National Bank building which then were renovated and certified under LEED 

for commercial interiors at the gold level in 2005 [2]. The building was a home for 

different businesses before the renovation [2]. With many new low-flow plumbing 

fixtures being introduced to the market, the designers chose to install two types of 

toilets including dual-flush and low-flow. They also opted waterless urinals, micro-

hydro-powered faucets, and low-flow showerheads to experience their performance 

capabilities first hand [43]. According to the USGBC report, installation of these 

efficient fixtures in this building could reduce water usage by 43 percent [2, 44].  

 These fixtures can relate to water reuse strategies to decrease the water 

consumption by a substantial amount. According to Whole Building Design Guide 

 
Figure 2.1: Graywater System for Indoor Reuse [1]. 
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(WBDG), greywater usage can significantly reduce the amount of potable water 

needed for plant irrigation, toilet flushing, and other non-drinking water uses.  

2.2.2 Rainwater Collection 

Capturing the rainwater is a part of various green buildings. As explained 

earlier, the rain falling over Muzaffarieh carpet market along with the whole THBC is 

collected to prevent the roof degradation. However, this collected water can be reused 

or recycled for indoor spaces such as Muzaffarieh. As shown in figure 2, the rainwater 

can be collected from what falls from the building, inflow of the yard drain or biofilter. 

This water which is collected in a bulk tank then is filtered and sent to the toilet or 

urinal flushing. 

2.3 Potentials for Improvements in Muzaffarieh carpet market 

As discussed by Carroon (2010), five approaches should address water issues 

in a building [2]:  

1- Rectify- to find out leaks 

2- Review- to find out if the water usage is necessary or cost-effective 

3- Reduce- to find out if the water can be used more efficiently  

 

Figure 2.2: Rainwater Harvesting System Channels [2]. 
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4- Reuse- to find out if the water can be reused or filtered  

5- Recycle- to find out if the water can be recycled to be used elsewhere 

These approaches need to be evaluated for feasibility of water efficiency. In general, 

there are four types of water throughout THBC area that need to be controlled 

including rain, river, sewer, and potable [7]. Muzaffarieh carpet market as one of the 

public spaces in THBC can provide potable water for customers and shopkeepers. 

Recently, many of the stores can also connect to the system to bring potable water into 

their places. Recently, the rainwater drainage and collection are well developed in 

recent rehabilitation. While the rainwater previously was the primary element 

deteriorating the structure at the roof level and drainage canal. In the new 

rehabilitation project, a system of collection for rainwater was established separately 

to prevent the water leakage into the building. Here, there is a potential to use the 

system further for reusing or recycling water for the indoor environment.  

Besides, the water usage can be controlled by use of different types of low-

flow fixtures. By using the list of efficient water devices, water usage can be 

significantly controlled. For instance, if 52 stores in Muzaffarieh carpet market use 

high-efficiency faucet and they work six days a week they can save almost 59,000 gals 

in one year. Below is a list of general commercial equipment including high-efficiency 

faucet, flush valve toilet, and dual flush toilet.  
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¹ Where applicable. 

² Demand reduction is given in units liter per connection per day (Liter/conn/day). Assumed 2.5      
persons per connection. 

³ Per device.  

 

 

 

 

 

 

 

 

Device Flow Rating Device Life (years)¹ Demand Reduction 

(L/conn/d) ² 

High Efficiency 

Faucet in each Store 

6 L/min 15-20 15 

High Efficiency 

Flush Valve Toilet  

5 L/flush 20+ 800³ 

Dual Flush Toilet 6/3  L/flush 20+ 100³ 

Table 2.1: Example List of Efficient Water Devices [45]. 



22 

 

Chapter 3  

Indoor Air Quality 

3.1 Existing Issues in THBC 

THBC has the potential to improve into a healthily sustainable interior if any 

newly proposed rehabilitation considers the impacts of the climate change. For 

instance, conditioned spaces such as Muzaffarieh carpet market will no longer be able 

to provide a healthy environment for its users in case that the outdoor is getting 

warmer due to climate change. As explained earlier, by increasing the outdoor 

temperature to 3˚ C, hot seasons will possibly impact the indoor temperature 

significantly. So even the adobe structures will not be able to diminish or moderate the 

extreme changes in temperature. The organic and fast recycled materials will decay or 

outgas faster. Even, by keeping the building airtight and then use of HVAC the air 

quality of the space can diminish. Currently, a number of domes in Muzaffarieh carpet 

market have oculus and lateral windows for natural air flow and ventilation. By adding 

HVAC, chemical emissions and off gassing cannot be well discharged to the outside. 

Hence, the chance of rising sick building syndrome will become higher. Thereupon, 

the success in the selection of new materials closely connected with the choice of the 

ventilation system. Without this consideration, the process of greening this historic 

structure will end up having a short-term life. 

Overall, greening the materials in renovation or adaptation of Muzaffarieh 

carpet market can resolve health-related issues. Introducing materials with lower 

volatile organic compounds (VOC) and chemical emissions can diminish the indoor 

pollutants. Here, a list of typical sources of harmful indoor pollutant is introduced (See 
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Appendix D [46]). Muzaffarieh carpet market has long been renovated with use of 

local organic materials similar to various historic buildings around the world. 

However, it is this current trend in designing each store by shopkeepers which add up 

increasingly modern materials with harmful chemical emissions in this section [7].  

3.2 Review of Case Studies 

Use of non-toxic materials with low-VOC has been addressed in the renovation of 

different historic buildings. 

3.2.1 Low-VOC Local Materials  

Alliance Center located in Denver, CO was built in 1908. During the early 

occupation of the building, it was initially used as a warehouse in downtown Denver, 

and over time it had been modified as office spaces [2]. The building did not require a 

gut rehabilitation [2]. Several improvements required replacement of interior systems 

and elements under LEED certification. Recently, it is recertified under LEED V4 for 

Existing Building Operation and Maintenance (EBOM). It was also awarded an 

Energy Star rating by the Environmental Protection Agency (EPA). Being the first 

building with LEED Gold certification in Colorado, up to now, the center is using 

LEED Dynamic Plaque to navigate and improve the building’s systems and 

parameters consistently [47]. The project team developed the indoor air quality 

through using of low-VOC materials fabricated by local green companies.  By having 

the existing HVAC system, the team determined a need to increase the ventilation 

level and identified an opportunity to install economizers [48]. This method has 

allowed the building operators to continue to fine‐tune the heating and cooling 

requirements in this historic structure [48].  
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Another case is Denver Dry Building, CO (1888), located in Denver’s historic 

downtown; the building is listed on the National Register of Historic Places, and its 

revitalization brought back more than 2000 residents to the area [2]. The renovation 

was held through a public-private partnership [2]. The phases of the repair were 

completed between 1993 to 1997. Hence, the project is reflected as a vanguard of 

historical greening buildings. This project consists of two mixed-used blocks including 

retail, offices, and housing. Here, the indoor air quality (IAQ) improved by removal of 

toxic chemicals and use of low-VOC finishes. The building equipped with operable 

windows which allow natural air flow within spaces. Also, the building was 

rehabilitated by adding new central chillers.  

3.3 Potentials for Improvements in Muzaffarieh carpet market 

 As discussed earlier, the higher temperature is likely to increase the sensitivity 

of organic materials to thermal decay and higher outgassing of pollutants from the 

objects themselves. Hence, a healthy IAQ needs a careful selection of materials with 

low emission of harmful compounds and with higher resistance to thermal decay. In 

the case of not adding HVAC system, the longevity of the materials and their 

emissions should be based on resistance to higher indoor temperature. VOCs and other 

chemical emissions will increase at higher ambient 

temperatures [24]. In Muzaffarieh carpet market 

sources of VOC can be explicitly found in carpets, 

paints, and furniture coatings. Inside some of the  

 

 
Figure 3.1: Inside the Stores [6]. 
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stores are equipped with split air conditioner, but the middle space between 

stores is conditioned with outside natural air flow. Hence, the middles space is more 

prone to the impacts of the higher temperature.  

Table 3.1 shows major types of architectural materials. Though, more 

investigation is required to list all the indoor materials that are used in this market.  

 

As explained earlier there is a possibility that the humidity cycles indoors could have 

an increased amplitude. Thus, the higher humidity imposes more stress on wooden 

objects such as door or window frames.  

Elements Floor Arch, Vault, Dome Doors Windows 

Material Brick & Stone Brick Wood Wood 

Table 3.1: List of Existing Materials [3] 

 
Figure 3.2: Air Conditioners are Attached to Walls in Both Sides [5]. 

 

Figure 3.3: The Middle Space between Stores [4] 
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Materials, also, should be procured from the nearest available resources unless 

they are selected for deconstruction and reuse. Since the materials soon will end up 

going to waste field such an investment and transportation does not seem an optimal 

way. As earlier mentioned in the case studies, it is recommended that the procurement 

of green materials should be from locally available resources. By using local materials, 

the production of greenhouse gases due to the transportation of the materials will 

reduce; while procurement of them from farther reliable resources can increase GHG 

emissions. 
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Chapter 4  

Education  

A city like Tabriz which is currently experiencing less rainfall and higher 

average temperature as signs of climate change showing the need for strategic actions 

concerning public education and awareness. Historic places like Muzaffarieh carpet 

market which attract many visitors and customers can work as a turning point in this 

regard. For instance, the change of any types of wall covering or indoor materials can 

provide valuable insight for presentation and education of the users, shopkeepers, or 

professionals regarding tracking lower VOC and use of non-toxic materials within the 

Muzaffarieh carpet market. Such strategies for the education of users can ensure 

boosting a healthy lifestyle in this space. 

4.1 Review of Case Studies 

Many historic buildings utilized this approach to inform the users and visitors 

about the positive impacts of sustainable historic preservation.  

4.1.1 Use of Signage and Group Presentation 

The restoration of 130 years old Whitaker Street Building showed the 

compatibility between LEED and historic rehabilitation. The building located in 

Savannah, GA is included in National Register of Historic Places. This commercial 

office building contains different signage showing key features of the efficient design. 

The Project team, also, have provided presentations on the building to many key 

leaders in local building industry demonstrating environmental efficiency have a 

prudent way to renovate buildings.  
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Another example is Alliance Center for Sustainable Colorado. As explained 

earlier, the building is 100 years old warehouse structure that has been adapted for 

office use several times. Throughout the building, different educational signage and 

touch screens demonstrate the green strategy used in the center. Also, a digital control 

system displays real-time energy systems to visitors. Within the lobby, a complete 

series of the document explains the history of the building.  

4.2 Potentials for Improvements in Muzaffarieh carpet market 

The adaptation of Muzaffarieh carpet market can demonstrate the effectiveness 

of environmentally responsible alterations and the challenge of adaptation for public 

awareness. The project has the potential to inform wide ranges of the audience from 

the public to professionals in different industrial sectors. For instance, it can provide 

an opportunity to inform carpet industry to track VOC through reliable guidelines and 

standards. Moreover, a wide range of public visitors or customers can have access to 

get informed about the result of the change and experience it.  

Social and cultural gathering has been part of this market for a long time. The 

new culture of living can be expressed from a place with such a vital social 

importance. Muzaffarieh carpet market, as a result, can become a forum for 

exchanging ideas on the effects of future adaptation to climate change. Through 

showing a comprehensive set of information along with different separate group 

presentation for professionals or public visitors, different aspects of the project are 

targeted for the various audiences.  
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Besides, use of signage and touchscreens can be used to inform visitors, 

occupants, and professionals. In a way that the new project communicates with them 

throughout the days and months. For instance, a system for tracking water saving daily 

inform the occupants from the impacts of their decision regarding the carpet market 

adaptation. Day to day monitoring systems will aim at displaying these small changes 

and their overall significant effects on a larger scale. In a condition that Tabriz city is 

confronting with climatic changes, the new way of lifestyle needs to be addressed in 

every part of built environments. Such projects are only one solution to a major 

problem. However, by adding up each small solution subsequently, the big impacts 

will appear in a comprehensive confrontation against the climate change. 

 

 

 

 

 

 

 

 

 

 



30 

 

Summary and Conclusion 

In the past, within different historical eras the climate has been changed 

dramatically and buildings, as a result, has been adapted based on the new conditions. 

However, this time, the change is due to human intervention. Hence, the new 

adaptation plan should be based on sustainable adaptation which not only reverses the 

harmful human impacts on the environment but also evolves the current indoor to 

adapt to the new climatic condition.  As a result, use of new technologies or 

improvements can benefit THBC in long-term if they do not either compromise a 

healthy indoor environment nor the control of new climatic conditions. Although, 

there is considerable uncertainty regarding the intensity of the climate change in 

different literature; predicted climatic features are well described concerning Tabriz 

city. The presented alterations and improvements are minimum requirements that can 

ensure the sustainable presence of users in Muzaffarieh carpet market. 

Within conditioned historic buildings, climate change impacts the adaptation 

strategies of the historic indoor environment. Through the study, the connection of 

climate, life cycle, and indoor air quality have been pointed out. The association of 

these elements can result in high-performance adaptation which aims at diminishing 

major climate change impacts on Muzaffarieh carpet market. By looking at different 

historic buildings, a similar common ground has been studied among buildings with 

related climatic issues. The study then identifies three major concepts that need further 

improvements in Muzaffarieh carpet market to advance a green design. Water 

efficiency, indoor air quality along with providing education for shopkeepers assist in 

developing a healthy environment.  
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The study identifies the dominant outdoor adverse climatic condition of Tabriz 

city through the literature. The suggested new technologies are then compatible with 

possible changes of indoor environment in Muzaffarieh carpet market due to outdoor 

changes. These pieces of data have been extracted from the literature based on the 

major threats facing the conditioned cultural heritage in the face of climate change. 

Due to the significance of THBC in Tabriz city, focus on adaptation of its indoor 

environments will draw public attention who aim at finding a best compatible 

selection of material and technologies. 

For sustainable adaptation of the historic building and for getting high-

performance design IDP approach has been utilized. With the help of this process, a 

thorough explanation of a balanced indoor and outdoor have been discussed to find the 

compatible solution for indoor air and water efficiency in Muzaffarieh carpet market 

within THBC. This outlook helped in finding the relationships between healthy indoor 

environment, site location and climate, life-cycle analysis, and seeing the maximum 

balance between healthy indoor and outdoor environment.  

According to the evaluation of different case studies, a number of strategies 

have been reviewed for Muzaffarieh carpet market. The use of low flow fixtures with 

ultra-efficiency as part of water management in this area benefit the users in long-run. 

The codes can also require this solution as a common approach. Besides, Muzaffarieh 

carpet market has an opportunity to bring back the used potable water for reuse or 

recycle in the toilet as well as plant irrigation. The rainwater collection system has 

implemented within the building previously, and there is potential to enhance this 

system to reuse the collected rainwater in Muzaffarieh carpet market for indoor use.  
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Use of non-toxic materials with low-VOC has been addressed in the renovation 

of different historic buildings. This approach also has been used widely among 

ventilated historic buildings. In Muzaffarieh carpet market also it is recommended to 

implement this type of materials even if they are procured from the farther location as 

long as their reuse or deconstruction is considered. Otherwise, identifying the 

potentials and finding manufacturing information which is located near Tabriz will be 

an advisable approach.  

Finally, due to the social and cultural significance of Muzaffarieh carpet 

market in THBC, the adaptation can invite and inform users and visitors from broad 

sectors.  It will help to acquaint the public why the alterations are needed, how do 

these changes affect the indoor, and what the positive outcome of these changes for 

users’ health and well-being is. These pieces of information will not only aim at 

promoting the indoor environmental quality of the building but also, they aim at 

reminding the users that THBC has been altered and developed periodically for near 

1000 years. 
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Appendix A 

Color-coded Plan of THBC 
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Appendix B 

Location of Professional Guilds in THBC 

 

Physical Elements of THBC 
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Appendix C 

Structural Analysis of Muzaffarieh Carpet Market  
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Appendix D 

Typical Sources of Harmful Indoor Pollutant  

Outdoor Source Building 

Equipment 

Components/ 

Furnishings 

Other Potential 

Indoor Sources 

Polluted Outdoor 

Air 

• Pollen, 

dust, mold 

spores 

• Industrial 

emissions 

• Vehicle 

and non-

road engine 

(cars, 

buses, 

truck, lawn, 

and garden 

equipment) 

Nearby Sources 

• Loading 

docks 

• Odors from 

dumpsters 

• Unsanitary 

debris or 

building 

exhausts 

near 

outdoor air 

intakes 

Underground 

Sources 

• Radon 

• Pesticides 

• Leakage 

from 

undergroun

d 

Storage 

tanks 

 

HVAC 

Equipment 

• Mold 

growth in 

drip pans, 

ductwork, 

coils, and 

humidifier

s 

• Improper 

venting of 

combustio

n products 

• Dust or 

debris in 

ductwork 

Non-HVAC 

Equipment 

• Emissions 

from 

office 

equipment 

(volatile 

organic 

compound

s (VOCs), 

ozone) 

• Emissions 

from shop, 

lab, and 

cleaning 

equipment 

Components 

• Mold 

growth on 

or in soiled 

or water 

damaged 

materials 

• Dry drain 

traps that 

allow the 

passage of 

sewer gas 

• Materials 

containing 

VOCs, 

inorganic 

compound

s, or 

damaged 

asbestos  

• Materials 

that 

produce 

particles 

(dust) 

Furnishings 

• Emissions 

from new 

furnishings 

and 

floorings 

• Mold 

growth on 

or in soiled 

or water-

damaged 

furnishings 

 

• Science 

laboratory 

supplies 

• Copy print 

areas 

• Food prep 

areas 

• Smocking 

lounges 

• Cleaning 

materials 

• Emissions 

from trash 

• Pesticides 

• Odors and 

VOCs from 

paint, chalk, 

adhesives 

• Occupants 

with 

communicabl

e diseases 

•  Dry-erase 

markers and 

similar pens 

• Insects and 

other pests 

• Personal care 

products 

• Stored 

gasoline and 

lawn and 

garden 

equipment 
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Appendix E 

List of Acronyms and Abbreviations 
 

ACHP            Advisory Council on Historic Preservation 

EBOM           Existing Buildings Operation and Maintenance  

EPA               Environmental Protection Agency 

GHG              Greenhouse Gas 

IAQ               Indoor Air Quality 

ICHTO          Iran Cultural Heritage, Handicraft, and tourism organization 

IDP                Integrated Design Process 

IPCC             Intergovernmental Panel on Climate Change 

LEED            Leadership in Energy and Environmental Design 

NPS               National Park Service 

THBC           Tabriz Historic Bazaar Complex 

UCS              Union of Concerned Scientist 

UNESCO      United Nations Educational scientific and Cultural Organization 

VOC              Volatile Organic Compounds 

 

 


