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Abstract
Over the last decades, global consumption of energy and environmental resources have been rapidly
increasing due to advances in the production and transportation of goods, as well as reduced barriers to
global trade markets. This trend raised sustainable consumption issues because of inefficient and wasteful
use of resources, especially in resource-rich countries with high purchasing power and subsidized tariffs
offered to residents. It is also well-known that resources abundance tends to lower financial development
and limit productivity growth and social development. On the other hand, there is a growing acceptance
that supply-side policies need to be complemented by demand-side management to support sustainable
cleaner production and remedy aforementioned adverse impacts. In this study, we present the results of an
investigation on demand-side management (DSM) opportunities and a framework developed for Qatar as
a representative of an emerging resource-rich countries and discuss implications for cleaner production.
The rationale behind is that Qatar is a commodity-dependent developing country, who, during the last five
years, has experienced a population growth of 35%, and an increase in electricity and water demand of 46%
and 35%, respectively. Similarly, during the same period, the national vehicle fleet has grown by more than
twofold. These figures have ranked Qatar at the top of the per-capita energy, carbon, and water consumption
list in the world and increased environmental vulnerability and reduced climate resilience. To that end, the
objectives of this study are to: (1) construct a DSM framework tailored to the needs of resource-rich country
like Qatar from economic, social, environmental, and technical aspects; (2) present, analyze, and discuss

the results of a survey that reveals the perceptions, attitudes, and responses of local residents towards the
applicability of DSM policies; and (3) discuss methods and solutions to achieve cleaner energy
consumption. The conducted survey covered electricity, water, and transportation sectors and showed that
residents have low awareness about their consumption habits, but they have high willingness to reduce their
consumption levels. In the last section, we present the survey results and discussions as a reference for
policy-makers to promote the most promising DSM options in Qatar. To the best of authors’ knowledge,
this is the first survey-based study conducted in the Gulf Cooperation Council region where a significant
portion of world’s oil and natural gas resources are extracted. Therefore, the results could provide insights
to other resource-rich countries with similar characteristics to devise more efficient policies for promoting
welfare-enhancing and sustainable consumption behavior.
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1. Introduction
Developing resource-rich countries, such as the ones in the Gulf Cooperation Council (GCC),
have been taking bold steps towards acquiring policies and practices to promote sustainable development
by harmonizing economic growth, environmental protection, and social inclusion (Hertog and Luciani,
2009). Successful implementation of sustainability actions relies on mobilization of all stakeholder
around the new agenda. All GCC members, namely, Qatar, Bahrain, Saudi Arabia, Kuwait, United Arab
Emirates (UAE), and Oman have joined United Nation’s (UN) high-level political forum on sustainable
development assess the progress made according to UN’s 2030 agenda for sustainable development
(United Nations Sustainable Development, 2019). Although these states own significant oil and natural
gas reserves and enjoyed economic boom for several decades now, they are experiencing vital issues
related to economic diversification, wastage of resources, air-quality and health related issues (Friedrichs
and Inderwildi, 2013). Another rising problem is the rapidly growing domestic demand for cheap energy
and water resources due to high subsidies offered to residents. High consumption of such resources,
which is more than most industrialized countries, is now critical factor for energy and environmental
energy, and the region will be vulnerable to economic shocks if appropriate sustainability measures are
not taken (Salahuddin and Gow, 2014). Current modes of consumption and production lead to
unsustainable outcomes and recent research schemes focus on the sustainability of energy systems by
concentrating on technological, economic, and social aspects (Sáez-Martínez et al., 2016). Demandside management (DSM) is vital for achieving sustainability goals as DSM aims to prevent resource
production waste (e.g., electricity, water, etc.) and increase more efficient use of valuable resources.
DSM is further linked to policies that promote environmental awareness and cleaner energy
production. Most electric utility companies are required to address a new societal and regulatory
obligation- lowering green-house gases- to tackle climate change. In electricity generation, green-house
emissions are time-dependent and actual emissions are based on the real-time generation mix (e.g., coal,
hydro, diesel, etc.) (Baumgärtner et al., 2019). In peak system hours, utilities typically employ fastresponse diesel generators to match system demand. DSM applications can eliminate the use of such
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pollutant generators by reducing consumption levels. For instance, current DSM measures in the United
Kingdom can reduce CO2 emission nearly by 2% per consumer (Lau et al., 2015). DSM’s positive
impacts on environment would typically be higher in regions with untapped demand-reduction potential.
Resource-rich countries exhibit such behaviour as energy prices are typically subsidied and high
household-income limits resource preservation.
The history of sustainable development concept goes back to the industrial revolution when the
world has experienced a significant population growth due to improved standards of living (Galor and
Moav, 2005; Max Roser, 2016; OECD, 2015; WHO, 2016). As a result, consumption levels in almost
every region and of every sort have naturally increased. This trend is further supported by the significant
paradigm shift from supply is to meet the demand to demand is artificially created by the supply (JeanBaptiste Say, 1836; The Economist, 2017) which triggered an excessive and artificial consumption
growth. As a result, a variety of environmental, social, and economic problems such as climate change
(US Department of Commerce, NOAA, 2017), energy resource depletion (Benes et al., 2015),
environmental pollution, and social inequity has evolved and raised concerns about sustainability .
Among all human needs, energy resources and water come to the fore due to their vital roles in
in our daily lives and the high risk of depletion. In the last 45 years, the increase in total energy
consumption in all sectors is 139% (from 5,661 mtoe to 13,511 mtoe) (British Petroleum, 2018) while
the growth in world’s population is only 92% (from 3.9b to 7.5b) (World Bank, 2018a). This singularity
demonstrates that the consumption rate has outpaced the population growth because of consumption
hike in resource-rich and developed countries (Figure 1). Continuous improvements in supply-side
technologies such as higher efficiency appliances, vehicles, and processes have created a vicious cycle
between consumption and production. To have sound and long-term solutions to address consumptionrelated issues, demand-side activities that aim to shape consumer needs, should be prioritized especially
for resource-rich countries who experience resource curse that cause adverse social, economic, and
environmental impacts (Friedrichs and Inderwildi, 2013).
Demand-side management (DSM) is the planning applications of programs designed to shape
resource (e.g., electricity, water, transport) use in ways that will produce desired changes aggregated
load profiles (Potter et al., 2018). Moreover, DSM is a part of cleaner production concept that aims to
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prevent wastage of resource generation, while increasing efficiencies in various sectors including
electricity, water, and transportation. Overall, DSM can be realized by three approaches, namely
economic, technological, and social (Bayram and Ustun, 2017). The economic approach employs
financial incentives or differential pricing to motivate consumers to shift and lower their consumption
levels. The technological approach typically utilizes remote controlling devices such as smart
thermosthats, sensors, load switches. This way demand management can be coordinated with signals
sent from the utility company in an automated fashion. Social approach aims to increase awareness
among end-users to change consumption behaviours and reduce wastage (Dulleck and Kaufmann, 2000;
Eto, 1996; Hirst et al., 1992; The Brattle Group, 2007). A detailed overview is presented in the next
section. DSM applications are recognized (Hayes et al., 2013; Murthy Balijepalli et al., 2011) and
employed in various critical sectors around the world and most common ones include electricity, water,
and transportation (Alasseri et al., 2017; Andersen et al., 2006; Eissa, 2011; Gils, 2014; Paulus and
Borggrefe, 2011; Wang et al., 2010; Warren, 2014). To that end, this paper aims to formulate and
construct a DSM framework for resource-rich countries through a case study for Qatar. The framework
is constituted from four main pillars, namely social, economic, environmental, and technical, and
contains a total of 18 different components. Next, we present the results of a conducted survey among
the residents of Qatar to understand resource consumption patterns, and opportunities and barriers for
DSM implementation.
It is important to note that traditionally electricity, water, and transportation sectors are
independent of each other. Therefore, demand-side policies and frameworks for these sectors are
designed separately. On the other hand, this paper targets these three sectors at the same time. The
rationale is that in the Gulf Cooperation Council region, these sectors are strongly linked together due
to the way they were designed. The electricity sector energizes air conditioning which is vital to a
maintain comfortable lifestyle for almost ten months of the year. Moreover, due to the lack of natural
water resources and aquifers, the main source of potable water is secured by desalted seawater (DW).
DW represents nearly 99% of municipal tap water and generated through energy-hungry water treatment
plants powered by electricity. In addition, due to extreme desert conditions, tap water is stored and
chilled in central plants and pumped into residential units (Darwish et al., 2015). In some locations,

3

houses contain rooftop water chillers in addition to water heaters. Last, transportation sector in Qatar is
a major contributor to energy-related carbon emissions, and in line with the transition to a low-carbon
economy, the State of Qatar has set a bold goal to replace 10% of its vehicle fleet with electric vehicles
by 2030. Electric vehicles have proven their ability to reduce GHG, reduce our dependence on oil, and
are uniquely able to participate in an interactive energy grid of the future by improving system flexibility.
More specifically for Qatar, electric transportation means to replace gasoline with electricity that is
generated from cleaner sources such as natural gas and solar energy. Electric vehicles emit less GHG
and air pollutants over their life cycle than gasoline-powered vehicles. (Bayram, 2019a; “Green Car
Initiative” , 2017). These efforts are further supported by adoption of electric buses and deployment of
public charging stations (“First electric car,” 2018). Furthermore, Qatar Rail network, which is energized
by electricity, has partially became operational and the project will be completed next year (“Qatar Rail
to Open,” 2019). To that end, we perform a holistic approach to examine the interplay between these
three sectors and provide a reference framework for decision-makers. This intersecting nature is unique
to Qatar and the GCC region because most resource-rich countries (e.g., USA, Canada, Norway) have a
variety in their energy mix and own natural water resources (Friedrichs and Inderwildi, 2013).
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Figure 1. The rise in total energy consumption per capita of Resource-Rich Countries between 1973-2017.

The current literature includes a variety of demand-side management frameworks for a specific region
or country as described in detail in the next section (see Table 1 for the summary and ref. (Meyabadi
and Deihimi, 2017)). However, the content and the applicability of such programs depend very much on
social, economic, and cultural local dynamics, and there is no off-the-shelf DSM program. The
difference between not only resource-rich and resource-lack countries but also developed and
developing countries with different circumstances become a subject of studies to have distinctive and
tailored DSM programs (Khan, 2019; Nicholls and Strengers, 2015). Additional set of challenges also
exists in resource-rich countries which is further classified as established and emerging economies
(Friedrichs and Inderwildi, 2013; Nolan and O’Malley, 2015). The case for Qatar and the Gulf
Cooperation Council (GCC) countries falls into the latter case and such countries face specific barriers
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to reduce resource consumption. Institutionalized energy subsidies are part of an unwritten and
inefficient social welfare program which triggers high-carbon lifestyles, wastage, and reduces
government revenues (El-Katiri and Fattouh, 2015). For instance, easy access to domestic fuel has a
crowding out effect on energy mix and economic structures. In the entire GCC region, electricity is
generated by domestic crude oil and natural gas, while solar generation is expected to flourish within
the next five years. Another differentiating factor is that a significant portion of the population (85% in
Qatar) is composed of expatriates who, unlike many of developed countries, cannot enjoy the social
benefits provided to locals due to lack of citizenships policies offered to foreigners. To capture the local
dynamics, it is very critical to design DSM policies based empirical data, such as the one presented in
this paper, to identify best DSM options.
Further details for the case study on Qatar can be explained as follows. After the discovery of oil in
1939 and natural gas in 1972, the economic landscape in Qatar has drastically shifted to the oil/gasbased development, which transformed the economy and the society with increasingly apparent impacts
on the environment. The economy has grown with the help of oil and gas revenues while the population
reached to 2.64 million in 2017 (World Bank, 2018b) from 0.1 million in 1970 (Metz, 1994). Along
with the policies shaped by a national program called Qatar National Vision (QNV) 2030 (Qatar General
Secretariat for Development Planning, 2008), introduced in 2008, Qatar has become the wealthiest
country per capita (i.e., GDP per capita of $128k in 2017 based on PPP-purchasing power parity) (World
Bank, 2018c). As of 2017, Qatar has the third largest natural gas reserves in the world after Russia and
Iran with a proven 25 trillion cubic meters (tcm) reserves accounting for 13% of the earth’s total gas
reserves (“Biggest Natural Gas Reserves,” 2013). Around 79% of total 164 billion cm gas production
is exported, while the rest is used for domestic needs as of 2017 (OPEC, 2017). As of many other sectors
like water supply through desalination in the country, Qatar’s energy generation sector also depends on
natural gas extraction; almost 100% of total electricity is produced by combusting fossil fuels (Central
Intelligence Agency, 2012). Due to such characteristics of the country, increasing wealth, growing
population and rich natural resources boost the consumption levels in the country in last decades. Over
the past five years, the electricity demand has increased by 46% from 30 TWh in 2011 to 44 TWh in
2017 and maximum demand has increased by 47% from 5.3 GW in 2011 to 7.8 GW in 2017, while water
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consumption (almost entirely depend on energy-intensive seawater desalination facilities) has reached
543 Mm3 in 2017 from 401 Mm3 in 2011 with a 35% rise (Bayram, 2018; Kahramaa, 2016a; Ministry
of Development Planning and Statistics, 2018). Besides, Qatar’s vehicle fleet has grown at a rate of
115% from 525k to 1.3 million (CEIC Data, 2017). As a result of these consumption figures, Qatar has
the highest CO2 emissions in the world totaling up to 45 metric tons/capita (Global Carbon Atlas, 2018)
Furthermore, nearly 59% of the total electricity generation was used in residents and buildings mainly
for space cooling, 29% was consumed in industry, 6% was used for auxiliary consumers, and 6% went
to transmission losses (Kahramaa, 2016a). The vast majority of the domestic electricity consumption is
due to the need for cooling, and cooling consumption easily exceeds half of the total consumption during
summer months. Monthly cooling consumption estimates are presented in
Figure 2.
The main drivers of electricity consumption in Qatar can be classified into four groups: (1) Qatar
is in the zone of arid desert climate. This characteristic necessitates residents to cool indoor air and water
at all times for almost half of the year, and partially during the rest of the mild seasons. Hence, electricity
consumption stays steady during the day; however, significant variations are seen between seasons
unlike many studies focusing on the daily electricity usage profiles (Khan et al., 2019). Additionally,
cooling accounts for about 60% of total residential electricity consumption (Kahramaa, 2015); (2)
Highly subsidized tariffs are likely to be the primary reason behind over-consumption of resources.
According to the International Monetary Fund (IMF) (“Energy Subsidies,” 2015), in terms of energy
subsidy per capita, Qatar ranks the first by far in the world with $6,000 per capita as shown in Figure 3.
Even though subsidies are meant to distribute wealth to society, they lead to overconsumption of
resources through emissions and health hazards in the long run; (3) Unbalanced population growth,
economic development, environmental preservation; and (4) Common social belief is that providing
energy for the residents is one of the government’s primary duties.
As DSM typically focuses on modifying consumption patterns of people individually and/or as
a group, the success of DSM policies depends on various factors including the target population,
demographic structure, local culture, and the targeted sector. Therefore, a comprehensive analysis of
different aspects is required to decide which type of DSM application should be designed and in what
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ways it should be implemented to maximize the benefits. This study first explores the potential for
applicability of DSM in Qatar for three sectors: transportation, water, and electricity; and considers four
aspects, economic, social, environmental, and technical by taking into consideration the unique
dynamics and circumstances of the country. To this end, this study is the first of its kind in Qatar filling
a major gap and need to determine the ways and means of a successful DSM policy implementation in
Qatar.
In the next section, we present a comparative literature review on DSM. In section 3, as a
methodology, a tailored DSM framework is constructed and discussed. The survey set-up and concept
are provided in section 4. In section 5, the results of the survey study revealing Qatar residents’
perception and attitudes toward potential DSM policies are provided and discussed. In the sixth and last
section, we present the conclusions and recommend potential future studies.
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Figure 2. Monthly residential electricity demand for cooling in 2016 in Qatar (reproduced from (Saffouri, 2017)).
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Figure 3. Total annual subsidy per capita figures by country in 2015 (“Energy Subsidies,” 2015).

2. Literature Review
DSM is crucial to achieve sustainable development goals, therefore, there has been a growing
body of literature on sustainable DSM theories, framework, policies, and applications in various sectors
all around the world. We classify the related literature as follows. First, we present a brief history of
DSM and discuss various DSM techniques and sub-categories. Then, after we provide the objectives,
benefits of and barriers for DSM, several known applications from electricity, transportation, and water
sectors are presented. In the last part, we present a comparative overview of various DSM programs.
After the DSM term has been firstly coined in 1970s (global oil crises (Torriti, 2017)) by Clark
W. Geelings from the electricity sector in the US (Gellings, 1981), it spreads over to other countries and
sectors such as water (Butler and Memon, 2016), transportation (Dorsey, 2005), and food (Bajželj et al.,
2014). DSM can be classified mainly into two categories: (1) energy efficiency (EE), which mostly
focus on influencing people to use more efficient products, and (2) demand response (DR), which aims
to modify people’s consumption habits and behaviors to reduce their consumption (Albadi and ElSaadany, 2007). Nowadays, researchers aim to improve the impact of DR programs by developing novel
techniques such as introducing a machine learning algortihm (R. Lu et al., 2018; Vázquez-Canteli and
Nagy, 2019). One of the sub-category of DR, direct-load control, contains remote-controlling requiring
no consumer interaction; therefore it should not be considered as a policy modifying human behaviors.
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Additionally, DR has two sub-categories: price-based programs (PBP) and incentive-based programs
(IBP). IBP use incentives to alter end-user behavior patterns while PBP leans on the changes in prices
in different time periods (off-peak, peak) (X. Lu et al., 2018). The required time periods to develop,
apply and gain the ultimate reductions for any DSM application can be seen in Figure 4. Load Reduction
Delivery (LRD) approach can bring the consumption reductions in a very short period of time with rapid
response, but with minimal permanent behavioural changes to the end-users whereas social behavioral
change programs (SBCP) may take decades to develop, implement and gain the benefits, but their
impacts on permanent behavior change would be quite significant, multi-dimensional and
comprehensive. Customer engagement in DSM policies is a world-wide issue as the endusers do not
comprehend the way resources are used. The work presented in (Annala et al., 2018) shows that even in
Finland, one of the forerunner countries in DSM and renewable energy layout, the main barriers to DSM
utilization in electricity sector are related to customer engagement and automation of their demand
response.

Figure 4. Different time needed to implement different DSM programs (reproduced from (U.S. Department of Energy, 2006)).

DSM typically targets to rationalize investments in energy supply infrastructure, balancing
between supply and demand, increasing the systems’ reliability and security, slowing down the depletion
of natural resources and contributing on the reduction of CO2 emissions. It benefits different actors by
various ways such as reducing the bill payment for end-user, developing a resilience point for the certain
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resources for the nations (IPART, 2001) and reducing expenses for the utility companies. In terms of
barriers to DSM, six aspects have been specified before implementation; technical, structural, regularity,
educational, economic and traditional (Cigre Working Group, 2011). Moreover, three barriers have been
referred as after implementation; rebound effect, fluctuated energy prices and free riders (Braithwaite et
al., 1994).
Apart from the electricity sector, DSM has been widely used in various other sectors. In the
transportation sector, travel demand management (TDM) has been used to minimize the need for travel
in order to reduce traffic jams, fossil fuel consumption and consequent air pollution and life quality
issues. Some of the common methods under TDM can be summarized as follows (Cairns et al., 2008):
workplace travel plan, school travel plans, tailored travel planning, public transportation information
and marketing, travel awareness campaign, car club offers, car sharing/carpooling, teleworking working,
teleconferencing, home shopping. In the water sector, water demand management (WDM) seeks to find
a way to reduce overall water consumption by specific policies. Some of the well-known WDM policies
are as follows: re-use of sewage effluents (Mara, 2013), water conservation and improved efficiency of
water use, virtual water policy (Jiang et al., 2015), technical and technological improvements (Cominola
et al., 2015).
Sustainable energy consumption is particularly important for the electricity sector in Qatar and
similar resource-rich countries of the Middle East because electric utility business is a unique supplydemand system with the following characteristics. First, supply and demand must match in real-time,
with tight control on the supply-side, and traditionally in supply following demand fashion. Second,
there is very little room for energy storage due to high-cost, hence, there are no “backorders”. Third,
the underlying network is capital-intensive and requires significant debt financing. In addition, power
systems are uniquely critical as they play a key enabling role across various critical infrastructures such
as water desalination and distribution, communication, transportation, health care, and very few
industries would survive without a secure and continuous supply of electricity (Pérez Arriaga and Knittel
et al, 2016). The primary focus of the electricity sector in addressing climate change includes enhanced
efficiency, improvement of green renewable energy sources, and utilization of low carbon fuels. It is
noteworthy that such a transformation will be extensive, long-term, and touches every aspect of
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electricity grid from supply to end users. These changes require better deployment of information and
incentives to bring cleaner production capabilities to utilities and customers.
In the literature, there are various studies exploring the possible impact of specific DSM
applications. For the case of China, Mah et al. revealed the perception of people towards dynamic
electricity pricing (Mah et al., 2018). In another study, Wang et al. calculated energy savings under
possible price-based DSM scheme (Y. Wang et al., 2018). Wang et. al explores the impacts of real time
pricing DSM program on residential electricity consumption (H. Wang et al., 2018). In the GCC region,
Alasseri presented a study to find the most suitable DSM policy for the electricity sector in Kuwait
(Alasseri et al., 2017). Moreover, Gaouda et al. discussed possible energy savings after DSM
implementation in the United Arab Emirates (UAE) (Gaouda et al., 2013). For the case of Saudi Arabia,
Eissa et. al. compared different DR programs and investiageted their environmental impacts (Eissa,
2011). Moreover, (Kiani, 2017) conducted a simulation study on air conditioner units in residential and
commercial sectors to understand their impacts on the UAE economy and forecasted energy use for
various scenarios. In the State of Qatar, specifically after the introduction of QNV 2030 program, there
has been a growing amount of research on DSM and energy conservation in electricity, water and
transport sectors. Jasim et al. conducted a study to discover the potential impact of treated waste water
effluent policy (Jasim et al., 2016), while Jraiw investigates the impact of travel demand management
policies on road safety (Jraiw, 2015). In electricity sector, Bayram et al. presented the role of DSM on
PV renewable energy integration for Qatar in 2017 (Bayram and Koc, 2017) and, in 2018, they further
revealed the electricity consumption patterns in Qatar (Bayram et al., 2018). On the other hand, to the
best of our knowledge, the present study is the first comprehensive study on DSM frameworks covering
various sectors and taking the unique characteristics, norms and culture into account. We believe that
the study will form a solid basis for any DSM research in major sectors for resource-rich countries to
construct on.
When it comes to the existing DSM applications in Qatar and other similar resource-rich countries,
there are initiatives regarding DSM even if they are not compiled under the same heading as listed in
Table 1. Tarsheed, for example, is a national sustainable energy program for conservation energy
efficiency in Qatar. It has been introduced by Kahramaa, the local utility company, in 2012 to reduce
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the over-consumption electricity and water as they are tightly coupled (“Kahramaa announces,” 2012).
The reduction targets per capita were set as 35% and 25% for the water and electricity until 2022
(Kahramaa, 2012). According to the Kahramaa, the program has already achieved some critical
milestones such as reducing electricity consumption per capita by 17% and water consumption per capita
by 18% (Kahramaa, 2016b). Apart from Tarsheed, other initiatives introduced by Kahramaa can be
considered as DSM policies or auxiliary for DSM policies. Starting from 2015, Kahramaa increased the
water tariffs in order to nudge its customers to conserve water (“Kahramaa hikes tariffs,” 2015). The
effects of the price policy on water is currently a research topic in universities and research centers.
Moreover, in January 2018, Kahramaa launched its new information sharing service, which sends an
SMS notification to customer’s phone to inform them about their monthly electricity and water
consumption even if the customers are eligible to not to pay the bills due to the government incentives
(“Kahramaa SMS service,” 2018). Before this information service, Kahramaa had also started to send
SMS notifications to customers to educate them about the consumption patterns and encourage them to
conserve more. Tarsheed has other sets of objectives and projects in order to achieve efficiency
thoroughly in all sectors such as regulating the on energy efficiency ratios of air conditioner and
lightning, installing smart meters to residential buildings and launching awareness campaigns in schools
(Kahramaa, 2016b). Thus far, solid reported results of such programs have not been shared with the
public in addition to lack of policies or programs focusing on transportation demand management within
our knowledge. As a result, this research aims to shed light on these gaps.

Table 1: Various DSM programs in MENA region and some resource-rich countries.
Country

Plan

Australia

Direct Load Program (Chambers et al., 1990),
Three Tariff Rates in Day (TOU) (Marwan and Kamel, 2010)

Algeria

Water Efficiency Program (Shuval and Dweik, 2007)

Canada

Demand Opportunity Service, Load Reduction Program (Zareipour et al., 2007)
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China

Direct Load and Interruptible Load Control Programs (Wang et al., 2010), TOU (Hu
et al., 2005; Wang et al., 2010)

Kingdom of Saudi Arabia

Time of Use (TOU) (Eissa, 2011)

Kuwait

Incentive Based Programs (IBP) (Alasseri et al., 2017)

Morocco

Water Efficiency Program (Shuval and Dweik, 2007)

Oman

Time of Use (TOU) (Malik, 2007)

Qatar

Water Conservation Policy – Tarsheed (Kahramaa, 2016b) (“Kahramaa hikes
tariffs,” 2015)
Social Awareness Programs (“Kahramaa announces,” 2012)

Tunisia

Water Efficiency Program (Shuval and Dweik, 2007)

UAE

Time of Use (TOU) (Powerwise, n.d.)
Smart Water Meter Installing (Waterwise, n.d.)
Re-use of Treated Wastewater (Waterwise, n.d.) (Waterwise, n.d.)
Energy Conservation Program – Taqati (Dubai Supreme Council of Energy, 2015)

USA

Peak Shifting by RTP (Vermeyen, 2008), Demand Bidding Program, Critical Peak
Pricing, Load Reduction Program, Emergency DR Program, Day-Ahead DR
Program Direct Load Control, CPP, RTP, TOU (Jazayeri et al., 2005)

3. Demand-side Management Framework for Sustainability
A framework is defined as a system of ideas, beliefs or principles to be used as a guideline in planning,
deciding or conducting an action with multiple and interactive dimensions (“framework,” n.d.) A
framework formed under the concept of DSM would surely serve to the sustainability goals since they
perfectly align with each other. As sustainability is not an ordinary concept but rather a historical
paradigm, individuals must contribute to the course by changing their regular daily habits and motives,
which have been driving them into an unsustainable world. The sustainable lifestyle should be designed
for serving sustainability and sustainable development that aim to diminish people’s own impacts on
carbon footprint and consumption in various sectors. It also should set a goal to reduce the usage of
earth’s natural resources. As to that, sustainable society is forged from the individuals targeting to live
in a sustainable way. Therefore, the need for such policies encouraging people to live in sustainable way,
which refers to the DSM policies, is essential for sustainability. Thus, we aim to construct a DSM
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framework that would cover all related fields with sustainable world. A framework for DSM is then an
overarching set of guidelines for organizing and specifying the scope, requirements, measures, and limits
of DSM. The dimensions determining this DSM framework can be grouped under four main categories:
economic, social, environmental, and technical as illustrated in Figure 5. For such an exclusive and
broad DSM framework, Qatar’s unique dynamics will specifically be explored from various aspects in
order to determine whether and how DSM policies would offer potential contributions to Qatar’s
sustainable development goals for the sectors of energy, water, and transportation. In the light of this
framework based on data, information and existing examples from academic, industrial, governmental
and non-governmental literature, this study aims to answer how to develop and implement the right set
and roadmap for DSM policies in the targeted sectors in Qatar considering its specific dynamics and
context.

Figure 5. The DSM dimensions classified into four categories.
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3.1. Economic Sustainability

Supply-Demand Balance
As its fundamental definition, supply and demand is “the idea that the price of goods and services
depends on how much of something is being sold and how many people want to buy it” (“supply and
demand,” n.d.) Any flaws or failures in demand prediction would possibly ruin supply and demand
equilibrium, which is a great threat to stability and efficiency of economic development. In the context
of Qatar, supply has been increasing exponentially in order to meet the increasing demand due to the
rapid population growth and over-consumption patterns. For example, in Qatar, water and electricity
consumption raised at a rate of 40% whereas the population growth can reach only 27% since 2011
(Kahramaa, 2015; The World Bank, 2015). Meeting this tremendous increase in demand required Qatar
to spare a significant portion of its budget to considerable investments in infrastructural projects to boost
its supply capacity.

Economic Diversification
In today’s world, an economic system, in which only a few sectors are dominant, is seen as extremely
vulnerable to external threats resulting from market fluctuations (Mishrif and Al Balushi, 2018).
Diversification of economies, in this regard, is critical for the resilience of economies by simply avoiding
“putting all of the eggs in one basket”. Qatar’s economy heavily depends on the hydrocarbon sector (i.e.,
oil and natural gas), which accounts for 92% of the country’s export earnings and 56% of the government
revenues despite the government’s efforts to diversify its economy by investing in steel, fertilizer, and
petrochemical industries (“Biggest Natural Gas Reserves,” 2013). This situation negatively exposed
Qatar to fluctuations in global oil prices, thus indicating that its economic structure is unsustainable and
vulnerable to market threats. In parallel to this point, in 2016, Qatar experienced a budget deficit
accounting for 9% of its GDP in 2016, which is the largest by far in the last two decades. With regards
to this, considering the role of DSM policies in reducing overall demand, which eventually alleviates
the excessive pressure on the energy supply in the country, implementing them would leave more space
for policymakers to act more freely in implementing other policies developed explicitly for diversifying
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the country’s economy which is already among the objectives of QNV 2030 (Qatar General Secretariat
for Development Planning, 2008).
Dependency on Foreign Markets
Even though the dependency on foreign goods and markets in a country can be diminished entirely by
the intorduction of sophisticated production methods and globally interconnected market structures,
many nations try to minimize their dependency on specific imports. This is to done to protect the
functionality of their domestic markets and more importantly, prevent the effects of any potential crises
in international relations, which can affect the conservation of their domestic markets. Unlike many
other countries, Qatar does not depend on imports from foreign countries for its energy sector thanks to
its abundant natural gas and oil reserves. However, it depends on imports from foreign countries for
many other sectors such as machines, electronic equipment, and parts (27%), metals and raw materials
(19%), vehicles and transport instruments (18%), food products (10%) and chemical products (7%)
(Observatory of Economic Complexity, 2017) from the net value of imports is $31.9 billion as for 2016
(Observatory of Economic Complexity, 2017). Even if a tiny amount of reduction can be accomplished
in these sectors, the impacts on the nation’s independence would be huge.
Export
In order to increase export revenues, there are two primary mechanisms: (1) increasing production
capacity; and (2) reducing domestic consumption. Since, liquified natural gas (LNG) is the leading
source of Qatar’s export revenues with a share of 61% (Observatory of Economic Complexity, 2017),
Qatar announced to investment plans to increase its LNG production levels from 77 million tons in 2016
to 100 million tons by 2024 (“Qatar to boost,” 2017). On the other hand, controlling domestic demand
is also vital. Electricity and water are produced by using natural gas resources. If the current growth
rates continue to exist until year 2024, LNG exports would only increase by 16% despite the
aferomentioned capacity expansion of 30%. To that end, investment for capacity growth would not be
successful without establishing a control over domestic consumption.
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3.2. Environmental Sustainability

Global Warming and Climate Change
Longer periods of draughts, more and stronger tropical storms, rising sea level and floods, faster
extinction of species, and triggered climate change are some of the potential results of infamous
phenomena of global warming (NASA, 2018). According to the World Resources Institute (WRI)
(World Resources Institute, 2017) GHG emissions, which is the primary reason of Global warming, are
mostly generated from energy sector, -including electricity and heat production, transportation, and
manufacturing- which is the main application area of DSM policies. As of 2015, almost 98% of total
Qatar’s GHG emissions (109 MtCO2eq.) are from the sectors of energy and industrial processes
(Mohammed, 2016). Considering the energy subsectors; oil and gas industry, electricity without industry
(domestic, desalination and losses), petrochemicals, metal production, mining, and transport are
accounted for 54%, 13%, 10%, 8%, 6%, and 5% of total emissions, respectively (Mohammed, 2016).
Despite a two decade long steady population growth, Qatar still ranks the first in the world in terms of
GHG emissions per capita. (Global Carbon Atlas, 2018). It is noteworthy that all those emissions figures
occur despite Qatar’s more efficient production plants compared to the world average (Mohammed,
2016). This means that there is not much room for improvements in supply-side to reduce emissions
rate. Thus, DSM policies would be effective to mitigate the impacts of global warmingas defined in
QNV 2030 (General Secretariat for Development Planning, 2009).
Pollution
In the proposed framework, we include (1) air pollution which is caused by construction activities, fossil
fuel burning, and industrial activities all of which produces air pollutants such as CO, NOx, SOx, PM2.5,
and PM10; (2) water pollution which is caused by unconscious use of urban wastewater, hazardous
waste spills, and mining operations; and (3) land pollution caused by deforestation, huge landfills, fast
urbanization, and improper sewage treatment. For the case of Qatar, air pollution is a prominent issue
among all other pollution types. According to the 2016 WHO report (World Health Organization,
2016a), annual average level of fine PM2.5 particle is of 105 ug/m3 (critical WHO limit:10 ug/m3
(World Health Organization, 2016b)) in Qatar’s urban areas. This figure makes Qatar the second highest
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PM2.5 container in the world behind Saudi Arabia (see Figure 6). Traffic, desert dust, and construction
activities are the main contributors of air pollution. Additionally, rest of the pollutants such as CO, NOx,
SOx, and VOCs are notably produced by the energy sector (QatarGas, 2016). Promoting demand
mechanisms focused on reducing consumption and usage in electricity, water, and transportation sectors
would inevitably decrease the aforementioned contributors of air pollution. In the side of water pollution,
there is no risk for fresh water since Qatar’s fresh water reserves are already limited and fully utilized in
agriculture sector. However, country’s oil and gas activities threaten the marine life and quality of sea
water which is a provider of many kinds of seafood for Qatar population (Castillo et al., 2016; Freije,
2015).
Land Degradation
In many megacities across the world; green areas and agricultural lands are rapidly diminishing due to
fast urbanization, development of industrial zones, and consumption growth. For the case of Qatar,
additional factors such as dead soil and harsh climate reduce green areas, degrade quality of life, and
increase accommodation cost. For example, Doha ranks the third most expensive city (“Qatar rents
ranked third,” 2015) in the world in terms of housing rent and the residents think that the housing is the
second most important issue in Doha after traffic congestion (Mohammed, 2017a). Furthermore, in
addition to existing large desalination facilities and power generation plants, the projected large PV
farms for utilizing solar energy will surely occupy a large amount of land. Hence, lowering demand for
energy, water, and personal transportation vehicles would also lower land degradation.
Stress Level
World population is estimated to reach 10 billion in 2050 (Melorose et al., 2015). According to the
calculations made by measuring the ecological footprints of mankind, it will take three Earths to sustain
the population in 2050 if the consumption trends continue (“Carrying Capacity,” 2016). To this end, the
UN suggested that mankind drastically need to change their consumption patterns which put a strain on
the environment and natural resources (Dr. Edward Spang, 2009). In terms of electricity consumption
per capita, Qatar ranks fifth in the world (see Figure 7) while in terms of energy-based water
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consumption per capita, Qatar comes first in the world (see Figure 8). To that end, it is critical to lower
stress level by conservation of resources.

3.3. Technical Sustainability

Technical Efficiency
Efficiency is defined by IEA as “low-hanging fruit” due to its great potential generated from its low
marginal cost (International Energy Agency, 2010). From Qatar’s perspective, improving efficiency
within economic, social, and environmental systems has been already referenced multiple times in QNV
2030 (General Secretariat for Development Planning, 2009). In the light of this vision, with the
production and economic boost in last decades, the systems have become sophisticated and efficient; the
quality of products and equipment have been increased. On the other hand, escalated population and
consumption levels exerts pressure on making systems more efficient in addition to already made public
investments. Ever-increasing demand is capable of wiping out the benefits offered by efficiency due to
the “rebound effect”. Thus, the success of the efficient system ultimately depends on the controllability
of demand. DSM applications can offer various remedies such as popularizing the usage of efficient
products by influencing the population, making existing systems and infrastructures more efficient by
lowering demand, avoiding unnecessary investments, and giving supply developers and providers elbow
room by reducing the continuous pressure on efficiency boost.
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Figure 6. The countries that have the largest annual median concentration of PM2.5, population-weighted and modeled
(World Health Organization, 2016a).
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Figure 7. The annual electricity consumption per capita (kWh) of selected countries in the world (World Bank, 2018d).

Figure 8. The energy-based annual water consumption per capita (m3/person) of the countries (Dr. Edward Spang, 2009).

Equipment & Infrastructure
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Some DSM application require specific equipment or infrastructure to be successfully implemented.
These equipments are typically used for monitoring, sensing, and communication purposes. For instance,
smart meters and energy monitors are used to to accurately monitor consumer’s consumption, provide
feedback to customers or even directly control appliance usage. Similarly, road tolls are used to nudge
people to change their travel behaviors. Since Qatar’s economic development took place during last
decades, its key infrastructures such as electrical grid, water distribution systems, and road transport
systems are relatively young and modern when compared to the infrasturcutures in the western world
(Bayram and Mohsenian-Rad, 2016). From this perspective, Qatar stood in a good place to be able to
employ DSM policies successfully and run them in the most efficient way. Furthermore, in the electricity
sector, according to Kahramaa, 17,000 smart meters will be deployed in the housings in Doha in order
to monitor the electricity consumption of residents (Abdulla, 2015). Even though they are being used
for only reading the consumption remotely -not for promoting any conservation programs- it is still an
improvement to provide timely feedback to customers on their consumption levels. With the completion
of those investments and existing infrastructure, DSM policies will be able to operate thoroughly for the
purpose of modifying consumption patterns of Qatar population. Another option would be to install
Internet of Things (IoT) based home energy management systems which are less costly than industrialgrade ones. Such can be highly effective to reduce consumption patterns, especially for residential
electricity usage (Risteska Stojkoska and Trivodaliev, 2017). A demonstration project in Qatar is
presented in reference (Bayram et al., 2019).
System Reliability
The most desired systems are usually based on their ability to function error-free or very few errors and
regardless of the sector, the fluctuations in demand would affect the system in an undesired way. Sudden
increases in the electricity demand, for instance, would likely to cause power shortages. In another
example, in case of an important event, an increase in overall water demand would diminish the storage
of water. Regarding the electricity supply, despite new and advanced grid systems and huge investments
on expanding supply, there still are unexpected blackouts lasting a day in Doha which makes the life of
the residents harder (“Power failure at Pearl,” 2016; “Unexpected power outage,” 2016). Likewise, in
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terms of transport, through constant investments on the transportation system, in 2016, Qatari residents
spend extra 109 hours due to traffic congestions which costs $6 billion to Qatar economy according to
the Qatar Mobility Innovations Center (QMIC) (QMIC, 2017). Due to the harsh climate of the country
and irregular population alterations over the year, the demand can unexpectedly fluctuate which cause
the aforementioned problems during supplying resources. DSM policies could help supply systems be
more reliable and organized by encouraging people to shift their consumption and flattening the demand.
Renewable Energy Integration
Renewable energy systems such as photovoltaics and wind tribunes aim to provide cleaner energy
and contribute to achieving sustainable development. However, those systems create energy storage
issue because the time span of energy production and consumption are not perfectly aligned. Qatar is
making significant investments on renewable energy in order to diversify its energy supply sources. As
a first step, Qatar is deploying 350 MW solar PV plant by 2020, and the capacity will be expanded to
700 MW (“Large Scale Solar Power Plant,” 2018). With those investments, the share solar energy in
electricity generation is expected to reach 20% by 2030 (“Solar Energy to meet,” 2016). Hence, the
integration problems of renewable energy to power sources would likely to accompany the rise of the
share of renewable energy. Herein, demand-side policies would be valuable asset to provide a smooth
transition from conventional resources to renewable resources. Furthermore, the investments on the
storage facilities power grids seriously need, can be compensated with shifted demand hours provided
by DSM policy (Pina et al., 2012).
3.4. Social Sustainability

Public Awareness
Implementing a social policy requires human factor to be considered both for prior to and following its
implementation. As DSM targets people in order to adopt more sustainable behaviors, the success of
any DSM programs highly depends on how much the participants of the DSM program are aware of the
goals, motives and anticipated outcomes of the program. According to a survey conveyed in Qatar in
2016, it is observed that the residents have a high awareness of potential and current issues of Qatar such
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as climate change (96%), sustainable development (89%) or ecological footprint (80%) (Mohammed,
2017b). Moreover, they affirm that environmental issues are the result of man-made actions (91%) and
they are willing to restrict their consumption behaviors to protect the environment (88%) (Mohammed,
2017b). On the other hand, the majority of the attendants complain about the lack of policies,
advertisements of initiatives and campaigns, laws and regulations to ensure citizens and industries
participating the environment protection (75%-94%) (Mohammed, 2017b). At this juncture, since Qatar
population has already had a certain amount of awareness, the country can be considered as lucky to
implement DSM policies that can be seen as a supporting tool to build an environmentally aware society,
which is one of the strategies (goals) set in Qatar National Development Strategy to protect the
environment for future generations (Qatar General Secretariat for Development Planning, 2011).
Global Image
In today’s global world, the results of any country’s actions -especially on the environment– should
equally concern the rest of the world. Therefore, global image of a company, as well as a country, is
highly essential for their financial sustainability as people (or consumers) judge them from economic
and development aspects as well as from environmental and social aspects. For instance, the reputation
of the U.S. has declined specifically after the withdrawal from the Paris Climate Agreement (The
Atlantic, 2018; The Washington Post, 2018). In other examples, the prestige of large corporates British
Petroleum (BP) and Volkswagen has been negatively affected after the scandals of “Deepwater Horizon”
oil spill and “Dieselgate” emissions measure deception, respectively (Alva Group, 2015; “Five Years
After Deepwater Horizon,” 2015). Despite its relatively small population and land area, Qatar has
managed to be in front of the world’s eyes with several characteristics such as wealth, being the host
country for the 2022 FIFA World Cup and its notorious economic activities in the western world. On
the other hand, Qatar is also known for its high consumption patterns in terms of CO2 emissions per
capita, electricity usage, water usage, food waste, etc. Along with these, its hydrocarbon-based economy
threats its global image in the long term. Moreover, the policies on supply-oriented policies are
overwhelmingly centralized as the national focus, and not much solid policies from demand side are
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promoted. Having a strategy that contains reducing overall consumption by modifying people
consumption patterns would gorgeously serve to the reputation of the country.
Public Acceptance & Adaptation
Apart from public awareness, the response from the society towards a newly implemented policy is
also important. People either prefer to adapt to the policy which affects their lifestyle or refuse to follow
the policy instructions. Along with public acceptance; high public education level is another element to
increase the public adaptation by not only making the society more sensible but also having them to
comprehend more complex policies like DSM. In Qatar, as the society has been witnessing rapid
development in the country in the last decades, they are accustomed to the adaptation of many newly
introduced policies, projects, and programs, which targets their lifestyles from many different angles.
Thus, these high levels of public acceptance and adaptation poses no signs of public resistance. This can
be seen as an excellent opportunity for successful implementation of DSM policies, especially by
considering the fact that people of Qatar already stated their willingness to make sacrifices in their
‘excessive consumer lifestyles’ to contribute to the environmental protection (Mohammed, 2017b).
Furthermore, with their education systems outlined as world class (World Economic Forum, 2018) and
willingness, Qatari residents seem to be ready to easily adapt to a new policy altering their lifestyle.
Complexity in DSM application
Regardless of how comprehensive the policy is, its complex structure may lead to failures in the systems
that requires user participation. In some DSM programs, participants are instructed to perform multiple
tasks at the same time. Although Qatar population can be considered to have a good level of education,
participating in complicated systems and programs can be difficult. Besides, considering the wealth and
the usual comfort of local people, high intricacy of policy would discourage them to change their
consumption behaviors. As a result, aside from being beneficial to society, DSM policies being not welladjusted complexity may be even harmful.
Public Health
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Despite considerable advancements in healthcare and medicine sectors, the share of people with any
kind of acute or chronic diseases has reached 95% of the world population (Institute of Health Metrics
and Evaluation, 2013). According to the WHO, in order to reduce the impacts of the factors behind new
diseases caused by lower air quality, polluted water and sea, lack of activity, and urbanization, people
are required to change their behaviors by adopting more sustainable lifestyle, especially reducing their
consumption levels in order to prevent the problems from worsening. As of 2017, Qatar allocated $6.7
billion, 12% of the total expenditures (“Qatar’s 2017 budget,” 2016), to its healthcare sector with the
average annual rise of 15% since 2008 (Alpen Capital, 2016). Despite those investments, according to
the Qatar Biobank Report (Qatarbiobank, 2017), more than 70% of the population in Qatar, which is the
highest in the GCC (Alpen Capital, 2016), belongs to the overweight and obese categories due to lack
of physical activity. In another study conducted in 2006 (Janahi et al., 2006) found that 20% of pupils
in Qatar has asthma which is likely to reach higher figures than the past due to rapid urbanization,
constructions, and population growth since 2006. These facts are parallel with some other statistics such
as having the second highest level of dangerous air pollutants PM2.5 and PM10 or 800 cars per 1000
person (Qatar Planning and Statistics Authority, 2017). As a result, Qatar has serious public health issues
related to citizen’s current lifestyles associated with over-consumption of multiple resources. Employing
DSM policies that aim to encourage people walking or consuming less, for instance, would contribute
to improving public health.
Country Resilience
Apart from dependency mentioned in earlier dimension, any country can face various kind of risks
that threats its economy, stability or even sovereignty. Qatar is located in the middle-east region in
which natural or human-made risks and threats such as conflicts, hostilities, droughts, famines that make
the living conditions difficult have always been taking place not only in this century but also the wide
course of history. In addition to those risks, having a large amount of natural resources may also
contribute to the bitter rivalry among its neighbors about being a soft power in the region. One of the
examples of those threats has been witnessed in the embargo enforced in June 2017 (“Qatar Crisis,”
2017). Those economic, politic and geographic reasons put the country in a vulnerable position. Thus,
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to be resilient in the face of various threats and risks, just as government, society must also have the
capability to endure the life-changing impacts of those threats. To this end, under the scenario of
successful implementation of DSM in Qatar, two possible outcomes would likely occur to support the
country’s resilience status: (1) The government would have greater sources to sustain the aids
(incentives, subsidies, tax cuts, etc.) in order to alleviate the impact of the crises with the already reduced
consumption. (2) The residents of Qatar would have already been changing their consumption habits
and trying to reduce their overall consumption by themselves.

4. Survey Study and Set up
The survey study has been conducted to take a snapshot of Qatar Residents’ perceptions and attitudes
on the potential DSM policies and sustainability goals. Survey methodology is a common research
technique, which consists of data collection from a sample of elements drawn from a defined population
mostly through a questionnaire generated for different purposes (Barker et al., 1989).
4.1. The Survey Area and Focus

The questionnaire was designed based on fruitful discussions with various members of faculty and
researchers at Hamad bin Khalifa University, Qatar Foundation and Education City in Doha. The survey
was conducted in greater Doha, Qatar, where 92% of the country’s total population resides (Ministry of
Development Planning and Statistics, 2017). The target population of the survey includes people with
an age of 18 years or older and live in residential housing units in Doha during the survey reference
period; and excludes those who live in institutions such as army barracks, hospitals, dormitories, and
prisons. Over a half of the questionnaires (250) were published online while the rest is distributed as
hard-copy among 490 randomly chosen residents. The response rate reached nearly one hundred percent
for the face-to-face interviews and 60% for the surveys conducted online. Furthermore, the accepted
sample size for populations more than one million should be at least 384 (Cohen et al., 2007) with a
confidence level of 95% and 5% error rate; therefore, we believe that the number of respondents in our
survey is reasonable enough to represent the target population.
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4.2. Validity of the Survey

Validity techniques that ensure the accuracy of a survey covering what the questionnaire initially
intends to measure can be classified into two categories (Bolarinwa, 2015): (1) for internal validity
issued with the questions designed with the help of researchers, who have expertise in the relevant
subject. and (2) external validity issued with some randomly chosen participants since the target
population was chosen as all adults residing in Qatar rather than a specific group of people. Moreover,
in order to improve the validity and reliability, a pilot test with interviews was conducted among twenty
randomly selected participants prior to the actual spreading of the survey. According to the feedbacks,
the questionnaire was improved to its final version. Finally, the post-survey interviews with the experts
in the fields have been done in order to get further analysis about what might be the possible
interpretations of the survey results.
4.3. Conceptual Model

As shown in Figure 9, the survey is comprised of three main sections as follows:
1. Social and demographic questions (4 questions).
2. The questions evaluating the awareness level of the participants and their understandings
towards the sustainability and environmental issues in Qatar and revealing the participants’
resource consumption patterns in terms of electricity, water, and transportation (29 questions).
3. The questions measuring the level of participant’s willingness to adapt the potential DSM
policies (23 questions).

The questions were generated in three different types; (1) Multiple choice, which aims to reach
exclusive information of the participants such as age, income, and education or to understand their
perception based on their knowledge and opinions on different subjects; (2) Rating, which aims to obtain
what level the participant agrees to the statements given; and (3) Checking/Marking, which has been
used for two different purposes; checking all options that apply or selecting up to three option(s) which
is/are counted as the most prominent among all options by the participants.
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Figure 9. The sections of the questionnaire.

4.4. Interpretation of Results

Apart from the results of demographic characteristics, the majority part of the questions was
interpreted one-by-one in the discussion section since most of the questions were asked to reveal the
perception of the population. During the evaluation, directly, percentages are given as how many
percents of the participants choose the answer right. For the few questions asking how likely the
respondent agree on the statement, the interpretation is made with the percentage of total “agree” choices
(“strongly agree” and “agree”) or “disagree” (“strongly disagree” and “disagree”) choices are provided
to illustrate the attitude of the society.

5. Survey Results and Discussion
5.1. The Representativeness of the Survey

The total number of respondents was 390, 14% of which were Qataris. This makes the sample a good
replicate of the overall population as Qataris constitute around 12% of the total population of Qatar.
Regarding the gender, nationality, age groups, income ranges, and education level, the characteristics of
the respondents are as follows:
•

The percentage of gender is distributed evenly by 50%.

•

The shares of the nationality, as shown in Figure 10, are Asian (30%), Middle-Eastern (24%),
Qatari (14%), African (13%), European (10%), and American (6%).
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•

The shares of age groups are 18-23 (16%), 24-30 (35%), 31-40 (32%), 41-50 (13%) and more
than 50 (4%).

•

The shares of income groups are (QAR) less than 10k (48%), 10k-25k (26%), 25k-50k (17%),
50k-100k (8%), more than 100k (1%).

•

The shares of education level, as shown in Figure 10, are; primary or lower education (1%),
secondary (6%), post-secondary (8%), university/college (44%), and master/Ph.D. (43%).

In Qatar, as of 2016, the distribution of various age groups of Qatar is 18-23 (11%), 24-30 (28%),
31-40 (33%), 41-50 (18%), and 50+ (10%) (Ministry of Development Planning and Statistics, 2016).
The survey has managed to capture a good representative of the actual population in terms of age groups
(Figure 12). For income level, the sample is sufficiently representative to capture the statistical
distribution of the population. This is depicted in Figure 11.
However, due to lack of information, we cannot examine the representativeness of the survey in terms
of education level. Besides, the nationality and gender distributions of the survey seem not to correspond
with the actual population statistics. The main reason is that the population is not normally distributed
in terms of gender and nationality because almost all of the blue-collar labor force is young males from
South Asian countries who live in remote labor-camps in Qatar with minimal control on their resource
consumption such as electricity, water and transportation. Hence, when they are excluded from survey
consideration, the gender distribution becomes be 51% for females and 49% for males, which are the
right figures for the rest of the population and what the survey captured. Finally, 92% of the respondents
have been residing in Qatar for more than one year, which makes the results more accurate since the
study focuses mainly on the habits. As a result, it can be claimed the survey successfully represent the
whole population in terms of gender, income level, age, and nationality. In addition, the survey was
offered in two languages, English and Arabic, which are prevalently spoken among the population when
blue-collar workers are excluded from the survey consideration.
Regarding the statistics on the number of household members, 9% of the respondents live alone, 51%
of the respondents have 2-4 household members, 31% of the respondents has 5-8 household members,
and 9% of the respondents have 8-12 household in the house. The average number of house-members
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of the survey is 4.57 which is entirely accurate with the actual statistic (4.75) (Ministry of Development
Planning and Statistics, 2016). For the type of housing units, about half of the participants (48%) live in
flats while 46% live in villas. Besides, as quite parallel with the survey results, the actual data for the
percentage of the population who live in flats is 38% while in the villas is 51% (Ministry of Development
Planning and Statistics, 2016). Therefore, survey fairly represents the whole population in terms of an
average number of residents in flats (house-member) and villas and the percentage of residents who live
in flat and villa (housing type) (Figure 13).

Figure 10. The distribution of the nationalities of participants (left) and the education level of participants (right).
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Figure 11. The representativeness of the sample in terms of income level.

Figure 12. The representativeness of the sample in terms of age groups.
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Figure 13. The representativeness of the sample in terms of house-members and house-types.

5.2. The Awareness Level of the Residents of Qatar

In the survey, the participants were asked to rate or choose from the various type of questions in order
to capture their perception and awareness on the subject of global environmental issues, Qatar’s
environmental issues, and their consumption patterns.
Regarding the awareness of the global environmental issues, Table 2 tabulates the environmental
terms heard the most by the participants, the motivations of the participants for protection of the
environment and the most impacted concerns by the participants’ consumption patterns.

Some

prominent results are highlighted in Figure 14. More than half of the respondents’ rate air quality and
global warming/climate change as the most impacted concerns, and, water security and national security
as the least impacted concerns by their consumption patterns. In lined with the reality (Kahramaa,
2016a), the respondents consider air conditioning as the most consumer of electricity with a share of
95%; and shower activity as the most consumer of water. Lastly, their perception on best way to transport
is illustrated in Figure 14.
Regarding Qatar’s environmental issues and limitations, as summarized in Figure 15, air pollution,
global warming and resource depletion are regarded as the most serious environmental issue Qatar is
facing while the issues such as water pollution, land degradation, and the loss of biological diversity
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(21%) are seen as the least serios. Additionally, the most responsible entities and the most important
urban issue perceived by Qatar population is provided in Figure 15.
When the respondents were asked the questions about specific subjects, it was observed that they had
a significantly apparent lack of knowledge. Although they identify themselves as well informed on
Qatar’s resource limitations and figures with 57%; the percentages of correct answers in the questions
linked with those figures are so low in various subjects such as CO2 emissions per capita ranking in the
world (24%), electricity consumption per capita ranking in the world (22%), remaining days for fresh
water storage (24%) as presented in Figure 16. Increasing the share of people who are aware of those
figures by awareness campaigns as a part of DSM policies would nudge people to reduce their
consumption. On the other hand, the respondents are sufficiently aware of Qatar’s primary source of
electricity (59% - natural gas) and water (84% - desalinated seawater).
Regarding the participants’ consumption and usage patterns of the resources, they identify themselves
(47%) or other family members (24%) as main user/controller for the water and electricity consuming
activities and appliances in the household. This make the potential policies developed from this research
would refer to the legitimate audience. However, majority of the participants (73%) indicating that they
do not pay their bills for electricity and water themselves, and therefore do not know their spending
(58% for non-Qatari, 80% for Qatari), would surely reduce the potential effects of demand-controlling
policies specifically PBPs or other price-oriented policies. People who do not pay but know their bill
are the ones whose families pay the bills for them. Within the rest, the average monthly electricity bill
amount for summer is 225 QAR in winter and 460 QAR in summer; and the average monthly water bill
amount is 243 QAR. Additionally, we calculated the average bill/income ratio, 4.58%. For comparison,
average electricity bill/income ratio is 2.15% in US where price-based policies are widely implemented
and being successful (“Percentage of Income on Electricity,” 2015). Thus, we can conclude that in
practice, Qatar society can respond positively to the price-based policies if they know their consumption
as well as spending, but certain policies such as government incentives we touched upon in introduction,
become an obstacle on the way towards success. Despite the fact that more than a half (52%) of the
respondents keep their air conditioning (AC) level at 22-24 oC, and 36% keep at 18-21 oC; they usually
turn off the AC for different occasions such as during cold months or nights (72%), when nobody is
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home (55%), on vacation (57%) and partly in some rooms (56%). Only 7% of the participants stated
that they never turn off the AC. Since the AC is the primary source of electricity consumption, these
responses look promising to implement efficiency demand policies such as installing smart devices that
control the AC remotely. Within the 73% of the population that has a vehicle, 40%e drive 11-30km
daily and 21% drive averagely 31-50km daily. Almost all of the vehicle-owners know their oil spending;
451 QAR averagely per month. High awareness of oil spending could set a good starting point to
implement a DSM policy for transportation. For example, car sharing applications might get incentives
or cheaper oils, and cheap and broad public transport could be promoted in long term. The percentage
of the participants that never use public transport is as high as 73% which seems a serious barrier to pass
over in order to implement policies depending on encouraging people to use public transport. Of all
reasons preventing them from using public transport, the public put inconvenient schedules to the top of
the list with long travel times and lack of rail systems. Finally, participants stated private car (82%) by
far as their primary mode of transportation in Qatar while rail systems (51%), public road transport
(49%), and taxi (45%) as the primary mode of transportation in outside of Qatar. These results also show
that the society do not prefer public transport not because they have strong negative opinions about
preferring public transportation (because they use it abroad), instead, because they have settled habits
and some specific concerns. Thus, eliminating those concerns and nudging them to change their habits
would encourage them to use public transport more instead of private cars, which would benefit to
environment, public health and economy.

Table 2. The answers in the order obtained from the participants regarding some questions.
Environmental terms

Motivation to be concerned about or to

The most impacted issues/concerns by the

heard or familiar the most

protect the Environment

consumption patterns of the respondents

Global Warming (90%)

Moral &Ethical Values (55%)

Air Quality (44%)

Water Pollution (89%)

Laws and Regulations (52%)

Global Warming (43%)

Renewable Energy (86%)

Awareness Campaigns (40%)

Water Scarcity (42%)

Sustainability (84%)

Responsibility for Earth (37%)

Resource Depletion (41%)

Resource Depletion (81%)

Rights for Future Gen. (36%)

Energy Security (40%)
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Food Security (76%)

Religious Values (35%)

Food Security (37%)

Air Quality (75%)

Cultural & Social Norms (27%)

Water Security (26%)

Equality/Inequality (72%)

National Security (16%)

Figure 14. Some featured results of the questionnaire on global issues.
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Figure 15. Some featured results of the questionnaire on Qatar’s problems.

Figure 16. The level of knowledge Qatar population has on specific subjects about Qatar’s resource limitations and their
consumption levels.

5.3. The Willingness Level of the Residents of Qatar

In the last section of the survey, participants were asked how likely they agree to multiple statement
questions on measuring their willingness, acceptance, and adaptation level about global, national and
individual issues and possible DSM policies to be applicable in the country. Herein, only some of the
important results are shared. The results will be provided as the accumulation of the percentages of
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‘strongly agree’ and ‘agree’ options. The willingness level of the participants about general issues is
summarized in Figure 17 and Figure 18. The respondents overwhelmingly agree (89%) to “the need or
sacrifice in lifestyles to tackle the environmental problems” and “the need for more national programs
and policies to conserve resources” to help them to consume less (70%).
Regarding the specific policies and DSM measures as summarized in Figure 18, the respondents
stated that they would use treated wastewater for non-important water-consumer tasks such as toilet
flushing (72%); they would like to install smart meter to be notified about the electricity consumption
(73%); they would like to learn the exact amount of electricity consumption at their homes (73%).
However, they agree relatively less to have a monthly limit on water consumption (54%). Another
interesting point is that the impact of the price of electricity (58%), water (56%), and gasoline (45%) on
their consumption behaviors would be relatively small according to the participant's statements. More
detailed analysis will be provided in the next section and conclusion.
5.4. Discussion

According to the findings from this survey study summarized above, Qatar’s population seem to have
a relatively medium level of awareness to form their perception towards a sustainable society,
environment, and development. However, they have serious lack of knowledge on specific subjects,
which could help them to take necessary precautionary and less costly actions more aggressively and
more consciously compared to unpredictable cost and effects of the after-the-fact disasters or
circumstances. For instance, the survey tested the knowledge of the public about Qatar’s resource
utilization status and rankings in the world. Despite the fact that the society mostly (56%) thinks they
have an adequate awareness on “Qatar’s limitations and consumption patterns (Q14)”, only a tiny share
of the public is actually aware and have enough knowledge of Qatar’s exact resource limitations (24%
for fresh water storage) and high consumption rankings in the world (24% for rating in CO2 emissions
and 22% for the rating in electricity consumption) as shown in Figure 16. For instance, most of the
participants does not know about their monthly electricity (60%) and water consumption (61%), while
only 27% of the participants pay their electricity bills. On the other hand, all of the participants who
own a vehicle (72%) knows their oil spending. These results indicate that the incentives and bill payment
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mechanism leave the society unaware of their consumption pattern. The first reason comes to the mind
for this finding is a lack or limited access to information. Information campaigns through various
sources would increase awareness and knowledge of the society. Another reason could be the fact that
a significant number of expatriate residents in Qatar live there on a temporary basis without a
commitment to long-term residency, cannot not own property and live in housing units rented by their
employees. These leave them without any interest or care about their resource consumption patterns
and spending levels in addition to the local citizens who are entitled to free utility services for their first
residencies. In parallel with this opinion, the participants indicated their enthusiasm to learn more about
environmental issues (81%), their wish to have more awareness campaigns and national programs (75%)
to be implemented, and they request for more laws and regulations for the protection of the environment
(78%). Another interesting point from the survey, the society has been considered as the second most
responsible entity (44%) for the protection of the environment after the Ministry of Environment (82%)
which illustrates the desire of people on the requirement of policies developed by the government itself.
Lastly, in the last section of the survey (i.e., willingness) regardless of their nationality, age group or
income group; participants seem to be very willing to take action for the country’s scarce resources. On
average, every four out of five participants indicated they would participate in the most of the DSM
programs to encourage themselves reducing their overall consumption.
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Figure 17. The attitude of the participants about general issues.

Figure 18. The willingness of the participants about specific policies and sectors.
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Moreover, some cross evaluations were made in order to obtain a better image on the perception and
attitudes of Qatar population. Firstly, the answers of the demographic groups have been explored to
exploit the correlations if there is any. Older participants (98%) are more willing than younger ones
(73%) to restrain their lifestyles to protect the environment (Figure 19). As the income level increase,
the willingness of using treated wastewater decreases (76% - 65%) (Figure 20). People with higher
education levels are more likely be more willing for more laws and regulations to make ordinary citizens
to protect the environment (85% - 50%) (Figure 21).
Secondly, Qatari – Non-Qatari differentiation was analyzed. Although their percentage is only around
12%, any policymaking process would mostly be shaped according to citizens’ perception and beliefs.
In awareness section, for instance, laws and regulations (73%) is the most driving factor to protect the
environment for Qataris while this rate is 49% for Non-Qataris. 62% of the Qataris keep the temperature
of the AC below 21oC while this rate is 35% for Non-Qataris. The transport mode inside the country
for all Qataris is private car (100%). Qataris use taxi (54%) and private car (51%) as their first two
options when they are abroad, while Non-Qataris use public transportation (52%). Qataris indicates
social reasons is their primary reason (46%) for not using public transport, while this reason comes 6th
amongst Non-Qataris with 22%. Similarly, there are significant differences between Qataris and NonQataris in the willingness section, too. The prominent findings for willingness sections are reviewed in
Figure 22. As deduced from the graph, the Qataris are unlikely to agree to the statements starting with
“if I pay more …”. This indicates that price changes would not be a reasonable policy to nudge Qataris.
However, the most significant difference between Qataris and Non-Qataris is about using treated
wastewater. Only 50% of the Qataris agree to use treated wastewater while this rate is as high as 77%
for Non-Qataris.
Lastly, a correlation between the awareness level and the willingness level has been researched in
order to reveal if there is any relationship. For example, among the participants who think water scarcity
is the most important environmental issue for Qatar, the willingness of using treated wastewater for
unimportant tasks is significantly higher than others (93% - 72%). Furthermore, none of the participants
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who think society is the most responsible entity to protect environment keep their AC’s temperature
below 21 oC, which means people take the initiative according to their beliefs. Lastly, the participants
who think the resource depletion is the most important environmental issue for Qatar are more willing
to restrain their consumerist lifestyles than others (98% - 85 %).
As a result, Qatar has a unique duo in terms of awareness and willingness: low awareness and high
willingness. This proves that the society is ready to take positive actions or to be nudged for a sustainable
living and environmental protection if their awareness and knowledge can be increased through both
information campaigns and carefully designed DSM policies, laws and regulations.

Figure 19. The correlation between age groups and the likeliness to restrain their lifestyles to protect the environment.

Figure 20. The correlation of income level and the likeliness to use treated wastewater.
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Figure 21. The correlation of education level and the likeliness to request for more laws & regulations to make ordinary
citizens to protect the environment.

Figure 22. The difference willingness level between Qataris and Non-Qataris about specific subjects.

6. Conclusion and Recommendations
We have presented a framework and a survey study to devise and promote DSM applications in
resource-rich countries. DSM is a part of cleaner production concept that aims to prevent wastage of
resource generation, while increasing efficiencies in electricity, water, and transportation sectors. In the
rest of the paper, we discuss our findings and present recommendations based on our findings.
Framework and Survey Inferences
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From the economic perspective, resource-rich countries, Qatar in this case, have numerous advantages
and disadvantages along the way of implementing DSM policies as well as unique benefits and
challenges from their unique specifications. Economies of resource-rich countries is generally witnessed
serious growth rates specifically after the energy becomes one of the most important aspects in daily life
much more than before. As touched on in the framework, the common chronic economic issues of
resource-rich countries are mostly derived on being depended on exports revenues of one good or
resource. It was no different for Qatar whose economy draws its strength mostly from only one economic
activity: exporting fossil fuels, mainly natural gas. Along with these chronic issues, some particular
incidents such as the fluctuated fossil fuel prices, the common political tensions in the region, and more
importantly, the ever-increasing demand driven by the economic boost may worsen the conditions and
leave the country vulnerable against the genuine threats for economic stability.
Moreover, the solutions employed to eliminate those possible threats, are mostly supply-oriented such
as highly subsidized tariffs on utilities, the national focus on boosting supply, and the trend of allocating
a vast investment budget for the massive projects. Herein, DSM policies might offer cost-efficient
alternative to current policies by modifying the people’ consumption patterns. If the current policies
stands as they are right now, the pressure over supply-side would grow, which would affect the stability
of the economy. Even worse, after some time, the society may not even react to demand-controlling
policies as expected because they are accustomed to their daily life too much. This problem is actually
observed in the survey results of this study; People tend to give less importance to the policies involving
price-changes which are among the most common DSM. Thus, Qatar’s economy seriously needs some
controlling measures on demand mechanisms, and herein, DSM has a lot to offer.
From the environment perspective; pollution of all kinds, global warming, land degradation, and
stress level were considered as the environmental dimensions in the constructed framework. Since the
resource-rich countries are increasing their total energy consumption by utilizing their natural resources
which is among the leading reasons for environmental damaging, it is normal to see those countries
among ones experiencing many problems based on pollution. The situation gets worse when it comes to
middle-east due to other unique circumstances such as desert dust, construction-oriented economic
activity and extreme temperatures. For Qatar, in national scale, firstly, the country is suffering from
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pollution issues, especially air pollution. During the last decade, Qatar’s vehicle fleet has grown rapidly
with a rate of 115%; hence, it is not a surprise that the residents consider the traffic congestion in Doha
as the second most critical urban issue for Qatar [Figure 15]. The respondents also point out air pollution
as the most serious environmental issue for Qatar [Figure 15]. According to the survey results, from the
promising perspective, people considers rail way is the best way to transport (62%) by far [Figure 14],
but, on the other hand, they still value private car most as the primary transport mode in the country
(82%), which contributes air pollution as well as CO2 emission. Therefore, we can conclude that, with
the proper guidance policies and investments, people can easily adapt to more sustainable way to
transport. Lastly, survey results reveal the harm of land degradation as the most serios urban issue in
Qatar for the respondents is cost of living with 72% mainly driven by housing rents [Figure 15].
Along with air pollution, Qatar remained at the top of the CO2 emissions per capita list with 41 tons
for 47 years since 1960 (Global Carbon Atlas, 2018; The World Bank, 2018). For comparison, by 2016,
similar countries such as that Kuwait is 4th with 26 tons, UAE is 5th with 26 tons, Saudi Arabia is 9th
with 20 tons and Oman is 16th with 15 tons (Global Carbon Atlas, 2018). However, the society is totally
unaware of this infamous rank with 24% as it can be seen from the survey results [Figure 16]. Moreover,
Qatar’s top rank in the electricity and water consumption list is also unknown to the most of the
population which makes difficult to take action about the issues and Qatar’s global image. For the
solution, on the contrary of the common belief, investments on supply such as investing road
infrastructure or energy systems would not solve the problem instead worsen it by encouraging people
to drive more. As a result, the need for policies in reducing such demand emerges. Supply-side
investments such as building rail systems or expanding the existing public transportation network
comprise only one part of solution. For permanent and sustainable solutions, modifying people usage
behaviors with policies for increasing awareness of the users and encouraging them to use public
transportation more is required for the sustainable development in the country. On this manner, the
attitudes of Qatar society give hope for implementing such policies. According to the survey study we
conducted, 90% of the society have heard global warming before and 89% of the society is ready to take
action to overcome environmental problems [Figure 14, Figure 17]. Besides, global warming ranks 2nd
in terms of the most important environmental issue for Qatar [Figure 15]. For instance, car-pooling
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would be a good TDM policy option for Doha due to the city’s relatively low population, good wealth
level, wide area of land usage and extreme weather conditions.
From the social perspective; public awareness, public acceptance, the complexity of the systems,
country resilience and public health were considered as the social dimensions of the constructed
framework. Those characteristics and the initiatives help the society to have a reasonable level of
consciousness and understanding level about the limitations, opportunities of the country, region and the
earth. Majority of the respondents of the survey have stated that they have heard prominent
environmental terms such as global warming and sustainability. Furthermore, they are aware of that
climate change and air pollution are human-generated issues of the world in the survey. However, as
mentioned before in the survey discussion section, the population has still serious lack of knowledge
about a few certain issues. The society would be educated during the implementation of the policies.
Regarding public acceptance in Qatar, with the ongoing urbanization and modernization in the country,
the population has accustomed to witness radical changes, which would help the society adapt quickly
and not resist to possible prospective DSM policies once they are communicated and campaigned in a
reasonable way. Besides, a survey study has already revealed the society’s positive point of view towards
specific DSM policies existed across the world. For example, the respondents are ready to use treated
wastewater as in WDM (73%), to make sacrifices in their daily lives (89%), to expand their knowledge
on environmental subjects by attending to awareness programs (82%) and even to let someone control
their consumption a bit as in direct load control program (53%) [Figure 17, Figure 18]. Plus, the society
account itself as the 2nd responsible entity for solving the environmental problems with 43% [Figure 15].
From the technical perspective, technical efficiency, equipment and infrastructure, system reliability,
and renewable energy integration were considered as the technical dimensions in the constructed
framework. If not all, some of the DSM programs require technological advancements to a certain level.
Herein, in terms of implementing DSM policies in the resource-rich countries, Qatar has utmost
advantage in one sense due to its modern and new electrical grids, water distribution networks and road
transport systems and its emphasis for efficiency; in other sense, Qatar is in need of those policies due
to its renewable energy investments for energy and its increased need for high reliability in systems. The
survey has also exhibited promising results such as that only 6% of the respondents do not want install
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smart meter in their home, only 8% do not want to be notified about electricity/water consumption, all
of which requires device and equipment. Moreover, because of the growing population and
consumption, the systems’ reliability can sometimes be interrupted. At this point, systems could be
modified according to the actual consumption with the help of DSM policies; hence the possible
shortages can be prevented since the demand does not fluctuate as it used to be.
Lastly, the difference between Qataris and non-Qataris should be taken into consideration thoroughly
before implementing any policy. For instance, from the survey results and the studies in literature, Qatari
people are less responsive to price-based policies than non-Qataris while non-Qataris give less value to
laws and regulations than Qataris. Therefore, different contradicted policies might be implemented in
the same time to attract both part of the society.
As a summary, in the study, we aimed to demonstrate the potential opportunities and possible needs
of resource-rich countries, by taking Qatar as a reference, by constructing a DSM Framework tailored
for Qatar’s unique dynamics. Moreover, a survey study was conducted to have a better understanding of
the characteristics, norms and culture of the Qatar population which is crucial for the success of DSM
policies. Hence, we have reached the conclusion that DSM is capable of offering a wide range of policies
to enhance Qatar’s current economic, environmental, technical, and social situation. In one sense, the
country’s unique dynamics allow the policies successfully to be employed such as having a society
willing to participate in the DSM programs or modern and new infrastructure; in other sense, the country
is in a position in which DSM programs could easily and effectively enhance the situation of the sector
they implemented in such as renewable energy integration and global image. Qatar’s circumstances and
characteristics in terms of economy, environment, society and technology are ready and sufficient to
have DSM programs in the country. It would not only help the supply side but also educate the society,
help establishing a balanced economy, enhance the environment and wipe out environmental issues. In
a country with almost no DSM application, almost any program could contribute to the outcomes. Some
specific programs are touched upon below.

Policy Recommendations
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In the light of the findings and observations deduced from the framework and the survey results, there
are some policies that could be easily implemented. The chief policy recommendations may involve a
wide range of demand management measures in, but not limited to, electricity, water, and transportation
sectors including:
•

More informative bill design and content: The first act to make people change their consumption
behaviors is to inform them about their consumption levels (Lehner et al., 2016). As seen in the
survey, people are willing to know their consumption as well as restraining their life-style in
sake of environment, but they do not know certain and basic facts about country consumption
figures. Thus, providing water and electricity bills to inform people is a must. They might be
colored to increase attention or contain more detailed and informative interpretations such as
the national/local average consumptions.

•

Tariffs for Sustainability: The negative impacts of incentives are mentioned several times in the
study; so, adjusting electricity, water, and oil tariffs step-by-step to reflect near-real-time cost
of the provided service is required to achieve a successful deployment of potential DSM
programs. However, for the most appropriate DSM program, price-based programs such as TOU
should be avoided because the hourly change in electricity consumption is not a serious issue
for Qatar. Besides, as seen in the survey results, the policies involved price changes does not
affect respondents’ decision as in other policies specifically among Qataris [Figure 22]. This is
further supported by our previous work presented in (Bayram and Koc, 2017). Electricity tariffs
in the neighboring country, the Kingdom of Bahrain, were doubled in March 2016. Using actual
electricity consumption data for summer peak months, we showed that there is no change in
peak electricity demand. This is because residents do not prefer to sacrifice the cooling comfort
for financial savings. Instead, the programs aiming load conservation such as incentive based
programs might be preferred. In parallel to our recommendation, in 2011, Eissa found that IBPs
are much more effective than PBPs in Saudi Arabia which has similar characteristics as Qatar.
For example, in short-term, demand bidding program would be a good choice for residential
customers since it integrates the customer into electricity markets; hence it not only reduces the
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consumption but also increase customer awareness. For industrial customers, capacity market
programs would be a good fit with their incentives upfront and penalties at the end; so that the
creates behavioral bias on customers, loss aversion (Leidos, 2014).
•

Promotion of smart meters in water and electricity: In line with the UN sustainability program,
the electric and water utility company (Kahramaa) has been currently installing smart meters to
the residents; however, their capabilities have been limited automated readings only. More
advanced capabilities such as real-time consumption visualization would be very useful for
various potential DSM programs and policies. With this improvement, additional programs can
be introduced in the long term such as direct load program which has the fastest load reduction.

•

Use of smart-thermostats: Air conditioning (AC) load represents the highest portion of domestic
consumption. To promote sustainable energy usage, the government can mandate or promote
the use of smart thermostats to remotely control AC units, particularly during summer when a
sizable portion of the population is out of the country. In our previous work (Bayram and Koc,
2017), we estimated that nearly 4% of the peak consumption can be reduced by remotely cycling
AC units one hour a day for residents who are out of the country. Moreover, (Bayram, 2019b)
presents an electricity monitoring study for three typically villas in Qatar and shows that
depending on set temperature and dwelling size nearly 100-300 kWh/day of energy is used to
for cooling when residents were not present during the first week of June 2019.

•

Use of smart water heaters: Similar to AC units, water heaters represent a sizable portion of
domestic consumption. Set temperatures are usually set at higher point which leads to wastage
of energy and water even in summer months. Measurement study (see (Bayram, 2019b))
conducted at three typical villas in Qatar presents that nearly 50-60 kWh/day of energy is
consumed during the first week of June 2019 when residents are away for holiday. It is important
to note that residents are not aware of their consumption and since electricity bills are subsidized
they do not take any action. In line with the nation’s sustainability goals, the use of remotely
programmable thermostats can lead to significant savings without affecting end-user’s comfort.

•

Encouraging car-sharing applications: As the majority of Qatar population reside in Doha which
is a relatively small city, reaching a vehicle easily in a very short period of time would encourage

50

citizens to depend on those applications rather than their private car. In addition, most of the
population (82%) still accounts private car as the primary mode of transport, which is very high
to change in short-term. This would also contribute reducing the number of cars in the roads and
parking areas.
•

Promoting electric vehicle usage: The government of Qatar is aiming to replace 10% of all
vehicles with electric vehicles (EVs) (Bayram, 2019a). EVs are typically three to four times
more efficient than combustion engine vehicles. Moreover, EVs are charged by power grid
which produces electricity by natural gas (in Qatar). Since, pure EVs do not have tailpipes, they
significantly improve local air quality (Soret et al., 2014). However, to promote EVs,
government should provide incentives and develop a charging network that has the coverage
and capacity to meet EV demand. In Qatar, the transportation sector is a major contributor to
NO2 and particulate matter (PM) concentration which significantly degrades air quality. Electric
vehicles offer clear benefits for urban air quality due to zero tailpipe emissions at road level.
This is particularly important for Qatar as the vast majority of the population resides in urban
city centers.

•

Sustainable transport pricing: Most of the companies based in Qatar and the GCC region provide
transportation allowance to purchase and use private vehicles. As Qatar Rail becomes fully
operational, the governments and companies can revise benefit schemes to promote sustainable
transportation. Moreover, deployment of park and ride facilities can provide more convenience
to residents who are not walking-distance away from the metro stations. Such facilities can also
be used as charging stations for electric vehicle owners who could enjoy green transportation.
In addition, creating low emission zones in city centers would promote cleaner transportation
options and improve air quality.

•

Awareness programs about the policy on treated wastewater: According to the survey results,
even though major part of the population (73%) seem willing to use treated wastewater, locals
mostly prefer not to use wastewater (50%) specifically due to the health concerns (Saeed, 2018).
Awareness programs might be helpful to express the true characteristics of treated wastewater
for the locals.
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•

More awareness sessions for the sponsors: As one of the unique characteristics of Qatar
population, since the bills of almost all blue-collar workers and the majority of white-collar
workers are paid by their sponsors, their awareness on consumption should be enhanced with
such programs. In those sessions, potential annual saving can be calculated and provided to the
sponsors to encourage them to enter the system. For instance, direct load program -an incentivebased program- can be emerged to reduce overall electricity demand in the worker houses while
the appliances are not used.

•

Technological improvements: Even though DSM mostly interests in modifying people
consumption behaviors, improvements on particular equipment and infrastructure in any sector
would increase the effects and success rate of the DSM policies. More sophisticated electrical
grids, efficient ACs, advanced water distribution systems that prevent leakages, air-conditioned
bus stops and wide rail systems to encourage people to increase use of public transportations
can be given as examples to technological advancement.

Limitations of the Study
There are of course some limitations of the study. First of all, as the study was shaped as a review of
DSM applications and the framework tailored to Qatar’s needs, it does not include calculations of the
possible effects of an actual DSM application. Secondly, the sectors within the study were limited with
electricity, water, and transportation because including all the sectors requires much more efforts and
time. Besides, demand controlling policies on other sectors have recently been implemented across the
world; so, the number of studies and existing policies are limited. Last of all, for the survey study, the
blue-collar workers, which are actually the significant part of the population, could not be represented
thoroughly in the study as well as even in some statistics published by governmental entities due to their
remote living areas and language barriers. It is noteworthy that the presented work is an initial step
towards designing appropriate demand-side management programs. More accurate policy
recommendations can be made by conducting a measurement study at various households. We have
initiated a partnership with the local utility company and deployed more than 600 smart meters at Qatari
households. We aim to expand our findings in this paper with data from measurement studies.
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It is further important to note that that DSM policies are specific to regions with similar
characteristics. In this paper, we claim that DSM framework developed in Qatar can be applied (or
provide good insights) in developing carbon-rich countries, e.g., neighboring countries in the Gulf region
(Saudi Arabia, United Arab Emirates, Oman, Bahrain, and Kuwait). These countries have similar
culture, soci-economic structure, consumption habits and climate conditions. For instance, most
construction, service, car, and appliance (home, AC, etc.) companies are based in one GCC city and
provide similar service and products to other GCC members. Also, GCC countries collectively represent
55 million in population, 640 TWh annual electricity usage, and 5.7 billion cubic meter annual
desalinated water usage (GCC Statistical Center, 2018). The region has an untapped DSM potential and
the developed framework and survey results would potentially be beneficial for a large-scale
implementation.
Recommendations for Future Works
As mentioned in the limitations of the research, in the future studies, researchers might deeply explore
various kind of assessments (economic, environmental, etc.) of the certain DSM applications (direct
load, car-sharing, etc.) in certain sector (electricity, water, transport, etc.) in Qatar; for instance;
“Economic Assessment of Travel Demand Management Measures in Qatar”. Moreover, instead of
qualitative interpretation as demonstrated in this research, a quantitative interpretation of a particular
program or policy might provide valuable insights for the future of possible policies. For another
recommendation, comparing the benefits and privileges of some DSM applications in particular sector
(e.g., comparison of CPP and TOU in electricity sector) regarding Qatar’s limitations and opportunities
would highly get help from this study and be an example for the future studies. In addition, in a broader
study, similar frameworks could be constructed around other sectors such as food, waste, which are
excluded from this framework due to the time limitations. Lastly, as similar to the survey study
conducted in the study could be repeated with higher samples and confidence intervals in order to get a
better image of society towards demand-oriented programs, applications, and policies.
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