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Li, X., 2014: Understanding the water-energy nexus: A case study of Ningxia. Master thesis in 
Sustainable Development at Uppsala University, No. 204, 44 pp, 30 ECTS/hp 
 
Abstract: Using Ningxia Hui Autonomous Region in China as a case study, the thesis addresses the 
interconnectedness between water and energy and investigates the regional water-energy nexus to 
assess the coherence of relevant policies and to explore opportunities to achieve sustainable 
development. Ningxia is extremely scarce in water but abundant in coal. On one hand, the government 
sets stringent targets to conserve water; on the other hand, the region has ambitious plans to develop the 
water intensive coal and relevant industries. Based on current development status and policies, the 
water and energy systems are modeled by WEAP and LEAP, respectively. The regional water-energy 
nexus is mapped to reveal the interactions between water and energy sectors. From the water policies, it 
is estimated that the water demand would decrease slightly in 2015; from the energy policies, the 
energy demand and production would increase greatly. Through the nexus approach, it is found that 
while energy is abundant to satisfy the increasing demand by the water sector for production and supply, 
water, however, cannot support the aggressive energy development. The huge water deficit indicates 
the potential incoherence of current policies and the unsustainable development mode. Nevertheless, 
there are opportunities to secure resources sustainability. This thesis highlights the viability of the 
water-energy nexus approach for comprehensive cross-sectorial assessment in policy making and 
resource management.  
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Sustainable Development at Uppsala University, No. 204, 44 pp, 30 ECTS/hp 
 
Summary: Humankind has been a major force shaping the environment. Along with social and 
economic development, the demand for water and energy is growing rapidly. However, with finite 
resources, current demand and resource use trajectory would undermine the water and energy security 
as well as the sustainability of development. Traditionally, resources are managed separately. But 
increasingly, there is a need for integrated approaches as it is realized that the resources are 
hyper-interlinked and problems cannot be solved alone.  
 
Nexus approach is an integrated approach to address the interactions among different sectors. Being the 
fundamentals of social and economic development, water and energy form the basic nexus, the 
water-energy nexus. Water is used for energy, for example, extraction, processing and production; 
energy is used for water pumping, treatment, and distribution. Sectorial policies on developing one 
sector may undermine or be impeded by the other. A nexus approach is essential to assess the policy 
coherence and to manage resources in a sustainable way.  
 
The water-energy nexus is highly contextual thus the nexus assessment is generally most useful when 
carried out on a regional level. Ningxia Hui Autonomous Region in northwest China is selected for a 
case study to test the methodology. The region is featured by scarce water resources and rich coal 
reserves. A regional water-energy nexus is mapped to understand the interactions between these two 
sectors and a nexus assessment is conducted through the modeling approach. The preliminary result 
shows that there is a risk of incoherency in current water and energy policies as current energy policies 
do not adequately address the availability and trade-offs for alternative uses of water. While the 
government is ambitious in developing energy to boost social and economic development, the limited 
water availability and stringent water policies result in a water deficit that almost half of the water 
demand by the energy sector cannot be met in 2015 if both sectors develop in accordance with the 
sectorial policies. Still, in the long term, there are opportunities to alleviate the water pressure and 
sustain water and energy by increasing water productivity, encouraging energy conservation and 
enhancing energy efficiency. The decision makers should adopt the integrated approach such as the 
nexus approach to comprehensively assess the coherence of the policies, find synergies and reduce 
trade-offs for a sustainable development in the future.  
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1. Introduction 
Water and energy, without which human civilization cannot flourish, are of profound significance and 
should be secured. The availability of these valuable but finite resources, however, is challenged 
nowadays, and the situation might turn even worse in today’s world stressed by climate change, 
exponentially growing population and worse environment. Also, there are a set of complex, interrelated 
problems threatening human civilization fundamentally, many of which are directly related to the 
production, distribution and use of water and energy (Bazilian et al., 2011). Previously, problems in 
different sectors are treated separately due to the difficulty in considering several problems and 
coordinating different sectors at the same time. In recent years, a shift in thinking has taken place, 
calling for an integrated approach to address the important interconnectedness more to obtain a holistic 
view which is critical to analyze the potential ripple effect of changes in one sector and provide 
knowledge to policy making for balanced management of the resources to achieve sustainable 
development. (UNESCO-IHE, n.d.) The need for this integrated approach is global. In 2006, China 
officially terminated plans to build coal-to-liquids (CTL) plants with concerns about the drought 
problems in the long run (Xinhua News, 2006). In Australia, the “Millennium Drought” almost dried 
out the Perth reservoir and forced Australia to turn to costly and energy intensive desalination for 
freshwater (Dijk et al., 2013). In Ethiopia, new pressure on water resources would be added as the 
government aims to increase hydropower production fivefold by 2015 (Karlberg, 2013). If the water 
supply will decrease while the demand will increase, it is important to consider the water and energy as 
being interlinked and coevolving when making decisions on water and energy development. (Siddiqi & 
Anadon, 2011) 
 
A body of academic studies have conducted analysis of the water-energy nexus. China is a hotspot of 
research as it is rapidly growing in a way that has never been seen before and is difficult to be 
replicated. With limited available resources to exploit but an increasing population and economy to 
support, the sustainability of China’s development is in the air. Among many sectors, water and energy 
lie at the center of sustainability of China’s development. Kahrl and Roland-Holst (2008) have assessed 
the water-energy nexus on the national level mainly from the monetary perspective, whereas the nexus 
is extremely contextual (Meinze-Dick, 2007). In the United States, there are already plenty of projects 
investigating the water-energy nexus on state level (Stillwell et al. 2011; Lofman et al. 2002), however, 
little work has been done on a regional level in China.  
 
This thesis aims to understand the regional water-energy nexus and to test the methodology that 
assesses the coherence of relevant policies using the nexus approach. The selected region is Ningxia 
Hui Autonomous Region in the northwest China, a place characterized by scarce water and rich energy. 
The government has made policies to set goals for water, energy, social and economic development. 
However, there is a lack of holistic evaluation of the aggressive targets. Whether or not the targets 
could be achieved under the constraints from both sectors is still open to question. This thesis is 
organized as follows: Section 2 explains the water-energy nexus and described the water and energy 
availability and productivity in the study area. Section 3 introduces the data sources and the modeling 
approach. Section 4 presents the results followed by section 5 where the results are interpreted and 
opportunities to manage the nexus are proposed as well as discussed. A brief conclusion is made in 
section 6. The data used for models is presented in Appendix.  
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2. Background 

2.1 The Nexus 
Since December 2010, there is an ever-growing amount of research that focuses on the nexus approach, 
an integrated approach to address the interdependences of different sectors, including water, energy, 
climate, environment, food (or land) and etc. Among all sectors, water supply and energy generation 
and their interactions form a major economic hub (EPA, 2013), making the water and energy security 
nexus a fundamental one to understand and manage.  
 
Water is needed throughout the energy sector, from fuel extraction and production to transportation and 
storage (World Energy Council, 2010). In China, electricity generation from thermal power withdrew 
81.58 billion m³ of water annually during 2006-2010, not including water withdrawal for primary 
energy production. The national water productivity for thermal power electricity generation is shown in 
Fig. 1. In addition to the large quantity of water used for mining, washing coal, cooling power plants 
and so on, much water is indirectly consumed because energy generation from fossil fuels such as coal, 
oil and gas degrades water quality thus compromises future uses (UNESCO-IHE).  

 
Fig. 1. National water withdrawals for thermal power electricity generation (2006-2010). Adapted from Guide for 

Water Efficiency in Key Industrial Sectors (2013). 

 
At the same time, energy is required in modern water systems for collecting, treating and distributing 
water. Pumping water in the collecting and distributing processes consumes most of the energy. The 
longer the distance and the bigger the lifting head are, the more energy would be needed (McMahon & 
Price, 2011). As for treatment, the energy consumption is small and is proportional to the amount of 
water treated.  
 
With a growing demand for energy, the pressure on water supply will be significant; with an increasing 
need for access to water, more energy would be generated. If the development of both sectors could not 
be coordinated well, if one sector crossed its threshold, the security of the other sector would be 
threatened as well. Therefore, it is of great importance to utilize integrated measures such the nexus 
approach to highlight the interactions and interdependencies among different sectors and to achieve 
sustainable development by building synergies and reducing trade-offs across sectors (Hoff, 2011).  
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2.2 Ningxia Hui Autonomous Region 
The Ningxia Hui Autonomous Region (hereafter as Ningxia), located in the northwestern China, abuts 
Shaanxi in the east, the Inner Mongolia Autonomous Region in the west and north, and Gansu in the 
south (Fig. 2.). With an area of 51,954.40 km², Ningxia is one of the smallest provincial administrative 
regions and is home to 6.47 million people, of which 3.19 million are rural by the end of 2012 (Ningxia 
Statistical Yearbook, 2012; NBS). The region stretches ca. 250 km from east to west and ca. 456 km 
from south to north (China Weather, 2010) and situates at the transition zone of the Loess Plateau and 
the Inner Mongolia Plateau with a topography sloping from south to north. By geomorphic types, the 
region is divided into three districts. The loess hilly southern district is characterized by serious runoff 
erosion, the central is associated with arid denudation and desertification, but the north is irrigated and 
agricultural prosper owing to Yellow River (Ningxia Government, 2010). In addition, Ningxia is 
exposed to high sunshine duration and solar radiation, extreme temperature in summers and winters1, 
limited and unevenly distributed precipitation, and long ice-frozen period and short rainy season.  
 
The past decade has witnessed a fast development of Ningxia industry and agriculture. Per capita GDP 
has skyrocketed from 7,734 Yuan in 2003 to 39,420 Yuan in 2013 (NBS). This development, however, 
is extremely unbalanced. The northern Ningxia holds 58% of the total population, covers less than half 
of the area, but contributes over 90% of the GDP, while the central and the south together produce less 
than 10% of the GDP with 42% of the population and more than half of the land (Ningxia Statistical 
Yearbook 2012). 8 out of 22 counties in Ningxia are nationally designated poor counties and all these 8 
counties locate in the central and the south (CPAD, 2012). Developing Ningdong, an energy-chemical 
base in the north, is an alternative to change this situation. The government expects that Ningdong’s 
industrial development will push forward the economic development of the whole region and help 
alleviate poverty. However, considering its unfavorable natural conditions, especially the scarcity in 
water resources, Ningxia’s ambition to develop energy-chemical industry might be challenged. It is a 
tough task for Ningxia to balance its limited resources to achieve sustainable development.  

 

                                                           
1 The temperature can be as high as 39℃ in summer and plunge to -30℃ in winter. 
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Fig. 2.  Map of Ningxia Hui Autonomous Region. Ningxia situates at the eastern part of northwest China. There 

are five municipalities, namely Yinchuan 银川市 (the capital), Shizuishan 石嘴山市 , Wuzhong 吴忠市 , 

Zhongwei 中 卫 市 , and Guyuan 固 原 市 . Adapted from http://map.ps123.net/china/68.html and 

http://commons.wikimedia.org/wiki/File:Ningxia_in_China_(%2Ball_claims_hatched).svg#mediaviewer/File:Nin

gxia_in_China_(%2Ball_claims_hatched).svg 
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2.2.1 Resources Availability 
2.2.1.1  Water 
Ningxia Hui Autonomous Region is one of the regions with the severest water scarcity in China. Its 
multiyear average precipitation is 289 mm, less than half of the national average; and its multiyear 
average runoff depth is 18.3 mm, around a fifteenth of the national average. The limited precipitation 
and small runoff, however, distribute extremely unevenly in terms of space and time. Spatially, the 
precipitation declines from 800 mm in southeast of Liupan Mountain 六盘山 in southern Ningxia to 
only 179 mm in the Yellow River Irrigation District (Yin Huang Guan Qu 引黄灌区) in the north (Fig. 
3.). Consequently, the runoff depth plunges from 300 mm in the south to less than 3 mm in the north 
(Fig. A1). Temporally, almost 70% to 80% of the precipitation comes during the flood season lasting 
from June to September, and in some southern areas there can be no precipitation for up to a hundred 
days in a row (Fig. 4.) (Ningxia Water Resource Bulletin 2012; Lu et.al, 2006). On multiyear average, 
the annual runoff volume is 0.9493 billion m³ and the total local water resource (including groundwater) 
is 1.1633 billion m³. In the year 2012, per capita water resource was merely 167 m³, 7.7% of the 
national average which was 2186 m³ per capita (NBS). When it comes to availability, the situation is 
even worse. Local available water resource is only 0.15 billion m³ (not including available surface 
water from Yellow River and its reaches).  

 
Fig. 3. Multiyear average level of precipitation in Ningxia municipalities. Adapted from Introduction to Water 

Resources in Ningxia by the Bureau of Water Resources of Ningxia Hui Autonomous Region (NXSL, 2013) 
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Fig. 4. Average monthly precipitation in Ningxia irrigated areas in 2012. The yearly distribution of precipitation is 

bell curve shape with the peak falls in July. Adapted from Ningxia Water Resources Bulletin 2012. 

 
Scarce in local water, Ningxia primarily depends on Yellow River for water to irrigate its economy and 
society. According to the Yellow River “87-water-allocation scheme” (黄河 87 分水方案. State Council, 
1987), Ningxia is allowed to consume 4 billion m³ from the Yellow River annually, 3.7 from the main 
stream and the rest 0.3 from the reaches. Together with the local available water, the total available 
water is 4.15 billion m³. But historical data has shown a significant decrease in Yellow River flow. 
From 1956 to 1980, the annual flow was 30.5 billion m³, but from 1995 to 2005, the flow dropped to 24 
billion m³ (Li, et al. 2012). Liu et.al (2009) argued that in the future, the Yellow River is not a 
dependable water resource as its water supply is not sustainable. Subsequently, Ningxia’s quota is 
expected to shrink, which indicates a decrease in available water for Ningxia. 
 
Already short of available water resources, Ningxia is backward as regard to water conservancy 
infrastructure. Many major utilities in service in the irrigated district were renovated and extended from 
the ancient water infrastructure in the 1950s. Today, these aging and dilapidated utilities are in bad 
condition thus can hardly secure the water supply. Their efficiency is low and the water loss is high. 
The poor drainage system further leads to soil salinization in the irrigation area and 49.7% of the arable 
land is medium and low-yield. In the central arid district, the water pumping system was supposed to 
support irrigation for 1.5 million mu, or 1,000 km² farmland, near 700 thousand people’s water use, 
ecosystem protection, and alike important functions. The system has been under overload operation for 
a long time and as a lack of money, it is not properly maintained nor reconstructed. The serviceability 
rate of the facilities is only ca. 50% and can hardly meet the demand of water supply in the central 
district. The available water in the south mainly comes from reservoirs. By the year 2012, there are 236 
reservoirs with a maximum capacity of 1.43 billion m³, and available storage is only 0.034 billion m³ at 
the end of the year. Because of bad quality, these reservoirs cannot regulate and store water as they 
were designed to and the scarce water resource in the south is not effectively used.  
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What is more, the worsening water quality threatens water availability. Ningxia Water Resources 
Bulletin (2012) reports that at the cross-section where the Yellow river enters Ningxia, the water quality 
is Grade III, but at the exit cross-section, the water quality is down to Grade IV and the primary 
pollution parameter is COD. Water quality of drainage ditches in the Yellow River irrigated district is 
Grade V and worse. The primary pollution parameters are ammonia nitrogen (NH3-N), total 
phosphorus and etc. Water quality of rivers in the mountainous area is slightly better off in the upper 
reaches. The quality can be as good as Grade II. But in the middle and lower reaches, the water is 
seriously polluted and the quality degrades to worse than Grade V and the parameters exceeding the 
standards are NH3-N and fluoride. Water in reservoirs and lakes inherits the water quality of the 
corresponding water system. Sadly, water quality of all the main lakes and reservoirs is worse than 
Grade V and most of the water bodies fail to meet the Standards for Irrigation Water Quality 
(GB5084-2005), not to mention for domestic water use. As the population grows fast and the economy 
develops rapidly, there will be a considerable increase in wastewater discharge and the water quality 
can be even worse if the poor wastewater treatment system remains status quo.  
 
2.2.1.2 Energy 
Notwithstanding the scarcity and low quality of water resource, Ningxia is abundant in high quality 
coal with 11,700 km² strata, or a quarter of the total area of Ningxia, bearing coal (Fig. 5.). The forecast 
reserves is 202.7 billion tons and proved reserves (excluding forecast reserves) 31.5 billion tons, 
ranking the 5th and 6th in China, respectively. When it comes to coal reserves per capita, Ningxia is No. 
1 with an amount of ca. 36 thousand tons per capita.  

 
Fig. 5. Coal bearing areas in Ningxia. The red line shows the boundary of the Ningxia Hui Autonomous Region, 
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the green areas indicate the Paleozoic coal bearing strata and the red triangle presents Ningdong’s location. 

Adapted from http://worldmap.harvard.edu/chinamap/  

 

There are four main coal-bearing areas, namely Helan Mountain, Ningdong, Ningfu and Xiangshan. 
The first three are the main distribution areas of coal resources with thick layer, stable horizon and 
great high quality reserves. Ningdong alone has 27.3 billion tons, or 87% of the proved coal, and 139.4 
billion tons of forecast coal. In 2003, there started to build the Ningdong Energy-chemical Base 
Planning Area (hereafter as Ningdong Base), one of the 1.4 billion tons coal production bases in China. 
The Base is located in the mid-east of Ningxia and southeast of Yinchuan with a total area of 3,484 km². 
The coal reserves there are highly qualified for chemical industry and power. Close to Ningdong Base 
is the Yellow River supporting water supply and Shaan-Gan-Ning gas field providing natural gas. In 
2008, Ningdong Base was approved by the State Council as a national key development zone and was 
expected to be a large scale coal production base of national importance, a coal chemical industry base, 
thermal power base for “West to East Power Transmission” (Xi Dian Dong Song 西电东送), and a 
demonstration zone for circular economy (State Council, 2008). In 2010, the coal production in 
Ningdong Base reached 46.27 million tons, 68% of the total production of Ningxia; the thermal power 
installed capacity was 4.45 GW, 33.7% of that of Ningxia; the annual output of coal chemical product 
was ca. 5 million tons.  
 
Together with coal development, renewable energy is developing very fast. China makes a series of 
social and economic plans every five years. During the 11th Five-Year period (2005-2010), despite that 
hydropower stayed the same, wind power and solar power had added 744.33 MV in total and the 
installed capacity of renewable energy increased from 538 MV in 2005 to 1282.33 MV in 2010 
(Ningxia Government, 2012). A breakdown of the newly added renewable energy installed capacity is 
shown in Fig. 6. However, compared to the fast development of thermal power, the renewable energy 
still falls far behind (Fig. 7.).  

 
Fig. 6. Installed capacity of renewable energy in 2005 and 2010. In the 11th Five-Year Plan period (2005 to 2010), 

there was no newly added hydropower station while many wind power turbines and solar panels were set up, 

adding to the renewable energy stock. 
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Fig. 7. Total production of electricity and its composition from 2002 to 2012. During the decade, the annual 

electricity production had increased greatly from 17.102 TW·h to 100.590 TW·h. However, the proportion of the 

electricity generated by thermal power had been steadily around 95% despite the fact that renewable energy had 

developed rapidly. Adapted from National Bureau of Statistics of China. 

 

2.2.2 Productivity 
2.2.2.1 Water 
In 2012, 6.9334 billion m³ of water was withdrawn in total, 0.5453 (7.9%) from groundwater, 0.0858 
(1.2%) from local surface water, 6.2881 (90.7%) from the Yellow River and 0.0142 (0.2%) from 
wastewater return flow. Agriculture accounts for an overwhelming 90.1% of total water withdrawal 
compared to national average which is 63.3%, and industry accounted for only 7% compared to 
national average 22.5% (Fig. 8.) (China Water Resources Bulletin, 2012). This water consumption 
structure is problematic in such a water scarce region as the precious water resource is not properly 
utilized considering the relatively low efficiency of agricultural water use.  

 

Fig. 8. Ningxia water withdrawal by sectors in 2012. Unit: billion m³. Adapted from Ningxia Water Resources 

Bulletin 2012 
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Although Ningxia has adopted a series of measures such as implementing Water Right Transfer (Cai, 
2008), updating irrigation technology and reforming agricultural structure over the last decade, the 
water productivity is still at the bottom compared to other areas in China. (Table 1)  

Table 1. Water productivity in the Yellow River Basin, 2012 

 

Value of Agricultural Output 
per Unit of Water Use 

( Yuan / m³ ) 

Industrial Added Value 
per Unit of Water Use 

( Yuan / m³ ) 

GDP per Unit of 
Water Use 

( Yuan / m³ ) 

Ningxia 4 181 34 
Gansu 10 132 46 
Inner Mongolia 9 328 86 
Shaanxi 26 513 164 
Shanxi 20 389 165 
Shandong 26 811 225 
Qinghai 5 354 69 
Henan 29 248 124 
Sichuan 19 193 97 
National Average 12 176 94 
Adapted from National Bureau of Statistics of China 

 
Within Ningxia, water efficiency varies across the region. As shown in Table 2, water withdrawal and 
consumption per unit of land in the irrigated areas, i.e. Yinchuan, Shizuishan, Wuzhong and Zhongwei, 
are much higher than that in Guyuan, the southeast municipality located in the loess hilly district.  

Table 2. Agricultural water withdrawal and consumption per unit cultivated land 

 
Withdrawal per Unit of Land 

(m³/m²) 
Consumption per Unit of Land 

(m³/m²) 

Yinchuan 1.404 0.558 
Shizuishan 1.163 0.494 
Wuzhong 1.181 0.609 
Zhongwei 1.233 0.605 
Guyuan 0.195 0.162 

Regional Average 1.167 0.537 

Adapted from Ningxia Water Resources Bulletin, 2012 

 
2.2.2.2 Energy 
In 2012, Ningxia produced 63.585 million TCE (tons of coal equivalents) of primary energy and 
consumed 45.624 million TCE for mining, manufacturing, electric power, gas and water production 
and supply and other purposes. As to electricity, 100.59 TW·h was generated and 74.179 TW·h 
consumed in Ningxia. From Table 3, it is easy to observe that Ningxia has a very low energy efficiency 
compared to other provinces and regions. In fact, Ningxia’s electricity productivity is the lowest in 
China.  
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Table 3. Electricity productivity in the Yellow River Basin, 2012 

 Industrial Added Value per Unit of 
Electricity Consumption 

( Yuan / kW·h ) 

GDP per Unit of Electricity 
Consumption 

( Yuan / kW·h ) 

Ningxia 1.18 3.16 
Gansu 2.08 5.68 
Inner Mongolia 3.84 7.87 
Shaanxi 6.42 13.55 
Shanxi 3.41 6.86 
Shandong 6.01 13.18 
Qinghai 1.49 3.14 
Henan 5.47 10.77 
Sichuan 5.76 13.04 
National Average 5.04 11.63 
Adapted from National Bureau of Statistics of China 

 
2.2.3 Development Policies and Targets 
In China, the Communist Party of China plays the leading role in designing strategies for economic and 
social development, establishing policies and regulations, and setting development targets and goals. 
Every five years, the State Council issues Five-Year Plan which elaborates guidelines for development 
in all sectors for the entire country. Then the targets and goals will be downscaled to subnational level 
according to regional development status and potential. As a rule, Five-Year Plan is abbreviated for 
Five-Year Plan of National Economic and Social Development. This plan is the blueprint and guideline 
for specialized Five-Year Plans of Energy Development, Water Resources Development, 
Environmental Protection, and many other sectors. The latest one is the 12th Five-Year Plan, mapping 
the development trajectory from 2011 to 2015. Among the mandatory targets proposed in the main plan 
and its following series of specialized plans, many are related to the protection of natural resources and 
green development, such as Grain-to-Green (Tui Geng Huan Lin 退耕还林) to convert the cultivated 
sloping land, which is soil erosion vulnerable, to forests, and the stringent and ambitious Three Red 
Lines (San Tiao Hong Xian 三条红线) to set clear limits and requirements on water quantity usage, 
efficiency and quality. Besides, the State Council gives tailored advices on regional development to 
direct subnational governments on their planning.  
 
Ningxia government, in line with its own condition, made Ningxia 12th Five-Year Plan series and other 
sectorial regulations under the guidance of State Council. These policies and regulations set targets on 
development of society (e.g. total population and its growth rate, urbanization rate, infrastructure 
construction), economic (e.g. annual GDP growth rate and industrial development), agriculture (e.g. 
cultivated land inventory, production and its composition), water resources (e.g. quality, quantity and 
efficiency), energy (e.g. production and its composition, efficiency) and other sectors. It is not clear 
how these targets are designed and whether they have been assessed across sectors through integrated 
approach. Conflicts and incoherence may occur if the sectorial policies and regulations are made 
independently. For example, in Ningxia, there would be an increasing need for fresh water along with a 
growing population and expanding energy industry; meanwhile, the restricted water supply could 
probably fail to satisfy this need if not break the stringent water policy.   



12 
 

3 Materials and Methods 

3.1 Data 
The water-energy nexus assessment is based on primary and secondary data sources. Due to 
unavoidable statistical error, quantitative data from different sources can be different from each other. 
To maintain data consistency, the same parameters, such as GDP growth rate and demographic data, 
used in different models is from the same source. Data used and corresponding sources are shown in 
table 4. 

Table 4. Data and its sources 

Data Source Data 

Ningxia Water Resources 
Bulletin 2002-2012 

 Water resources by sources and districts 
 Water withdrawal and consumption by sources and sectors 
 Water quality 
 Ningxia hydrological pattern 
 Water use efficiency 

Implementing Assessment 
Method for the Most 
Stringent Water Resources 
Management System 

 Control index of the quantity of water withdrawal and 
consumption by sources and sectors in 2015 

 Control index of the efficiency of water usage for agricultural 
irrigation and industrial production 

 Control index of the quality of important water function zones 

Ningxia Statistical Yearbook 
2008-2012 

 Production of primary energy and its composition in main 
years 

 Gross industrial output value per unit of energy and electricity 
consumption in main years 

 Overall Energy consumption by industry above designated 
size in main years 

Annual Statistics of Ningxia 
Hui Autonomous Region, 
National Bureau of 
Statistics of China 
(Online Database) 

 Total population and its composition by 2012 
 GDP 
 Industrial added value 
 Overall consumption of primary energy  
 Energy consumption by sectors 
 Energy products supply for urban 
 Statistics of major durable consumer goods owned per unit 

urban and rural households 
 Major agricultural products output 
 Passenger and freight turnover volume 

Ningxia 12th Five-Year Plan 
of Economic and Social 
Development, and of Energy 
Development 

 Anticipated population growth rate 
 Urbanization rate  
 Anticipated GDP growth rate 
 Anticipated energy production and consumption  
 Anticipated energy efficiency 

Official Websites 
 Yellow River runoff monthly variation (NXSL, n.d.) 
 Energy Balances and Electricity Profiles (LEAP database) 
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Other Literature 
 Energy efficiency of selected household appliances  
 Water intensity of energy production 
 Energy intensity of water production and supply 

 

3.2 Modeling Approach 
To carry out the nexus assessment quantitatively, the modeling approach is adopted. The tools used are 
WEAP (Water Evaluation and Planning System) and LEAP (Long-range Energy Alternatives Planning 
System) developed at the Stockholm Environment Institute (SEI). Two models are constructed to 
simulate and evaluate current water and energy system and policies. For this study, Current Accounts2 
year is 2012. It is the latest year with the most comprehensive data available. The end year of Scenario 
Analysis is 2015, the last year of the 12th Five-Year Plan period.  
 
3.2.1 WEAP for Water  
As its name indicates, WEAP is used for integrated water system analysis and planning 
(http://www.weap21.org/index.asp). Unlike conventional supply-oriented simulation models, WEAP is 
policy-oriented and takes into account both the demand side and supply side. It provides a system to 
describe and record water demand and supply information of the study field, to forecast water 
development policies comprehensively, and to evaluate different water development scenarios to assist 
mid-long term planning. In this Ningxia case, the water supply and demand balance in 2015 is 
evaluated taking into consideration the effects by relevant policies.  
 
There are many ways to construct the model for the water system of research. The first step is to design 
a proper data structure, which is largely shaped by the data available and the interrelations assumed. In 
the Ningxia case, after analyzing the collected data, the interrelations are outlined in the conceptual 
flow diagram as shown in Fig. 9. As introduced above, Ningxia’s water resources vary greatly from 
south to north, so the analysis is carried out on municipal level to reflect the differences. For each 
municipality, there are three sectors and four demand sites. Since there are five municipalities in 
Ningxia, there are twenty demand sites in total. Although other structures with fewer demand sites are 
also possible for running the WEAP model, but with more detailed information, the model can be 
closer to reality thus be more precise and simulate the water system better.  

                                                           
2 Current Accounts accurately reflects the observed operation of the water system as it currently exists. It is the 
starting point for all scenarios. It should be the best available estimate of the current system but not an “average” 
year. (http://www.weap21.org/index.asp) 
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Fig. 9. Flow diagram of the water system in Ningxia Hui Autonomous Region. The arrow presents the direction of 

the water flow. Water is withdrawn by agriculture, industry, urban household and rural household. In agriculture, 

water not consumed runs back to rivers and ground water. In industry and household, it is assumed that water goes 

to wastewater treatment plant before discharged to rivers. Since industry reuses some wastewater, wastewater 

return flow is regarded as a water resource here. Water loss in this system is mainly evaporation and leakage, 

which is not shown in the diagram.  

 
In WEAP, the conceptual flow diagram is then translated into a model simulating the water system in 
Ningxia (Fig. 10) with data filled in. For Current Accounts and Scenario Analysis, data is adapted from 
various sources as listed in Table 4 in section 3.1. Proper assumptions are made when data is not 
available (Appendix 2).  
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(a) 

 

 
(b) 

Fig. 10. (a) WEAP model of Ningxia water system; (b) Amplified partial model of Wuzhong municipality. The 

bright red dots are demand sites, the dark red dots are wastewater treatment plants, and the green squares denote 

groundwater sources. The black lines are provincial boundaries while the blue lines stand for surface water. The 

upper winding blue line in (a) is the Yellow River, and the lower straight one presents local surface water system in 

southern Ningxia. The green lines are transmission links bridging water resources and the demand sites. The red 



16 
 

lines are return flows from demand sites to wastewater treatment plants and rivers. The arrows with the lines 

indicate the direction of the flow. Meaning of the abbreviations is summarized in table 5 as below.  

 
Table 5 Table of abbreviations for demand sites 

 Industry Agriculture 
Urban 

Household 
Rural 

Household 
Groundwater 

Wastewater 
Treatment 

Plant 

Shizuishan SZS_I SZS_A SZS_U SZS_R SZS_GW SZS_W 
Yinchuan YC_I YC_A YC_U YC_R YC_GW YC_W 
Wuzhong WZ_I WZ_A WZ_U WZ_R WZ_GW WZ_W 
Zhongwei ZW_I ZW_A ZW_U ZW_R ZW_GW ZW_W 
Guyuan GY_I GY_A GY_U GY_R GY_GW GY_W 

Note: For example, SZS_I means Shizuishan Industry, YC_A means Yinchuan Agriculture, and the same goes for 

the rest abbreviations.  

 
A detailed description of the constructed model and methods to process the data is presented in 
Appendix 2.  
 
3.2.2 LEAP for Energy 
LEAP, the Long-range Energy Alternatives Planning System, is used by many organizations for energy 
resource planning and greenhouse gas (GHGs) mitigation assessments in all sectors of an economy 
(http://www.energycommunity.org/). It is not only a database for the history of the energy system, but 
also a scenario-based tool to analyze prospective energy policies. LEAP is used for medium to 
long-term modeling and commonly adopted forecast period is between 20 to 50 years. But in this thesis, 
the time frame is from 2012 to 2015, which is relatively short. The demand for energy in 2015 is 
forecasted.  
 
What’s different from WEAP, LEAP doesn’t rely on geographical data and its initial requirement of 
data is low. Nevertheless, the same as WEAP, building a proper data structure is the primary thing to do 
as a good structure decides what can be analyzed later, such as the energy technologies, policies, and 
etc. Ningxia’s energy system is described in the conceptual flow diagram as shown in Fig. 11. The 
analysis is carried out on regional level instead of municipal level considering the data collected and 
the fact that the level of energy consumption is constrained by the distribution of power grid and 
transportation of fuels, as well as household economic conditions. Primary energy includes fossil 
energy (e.g. raw coal, crude oil and natural gas) and non-fossil one (e.g. hydropower, wind power and 
solar power). Secondary energy includes electricity, gasoline, diesel and etc.  
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Fig. 11. Flow diagram of the energy system in Ningxia Hui Autonomous Region. The arrow presents the direction 

of the energy flow. Energy resources are used by all sectors as power supply and production material. In addition 

to industry, agriculture and household, transport is taken into consideration in the energy system as current vehicles 

are fed by fossil fuels (cars, buses and trucks use diesel and gasoline) and electricity (trains). Energy loss happens 

during production and transmission in the forms of heat and is not shown in the diagram. 

 
A detailed description of the constructed model, methods to process the data and assumptions are 
presented in Appendix 3. 
 
3.3.1 Water for energy 
Although that LEAP and WEAP can link to each other to examine the dynamic interaction between 
water and energy, but in this study, due to a lack of sufficient local data, the transformation and 
resources sections are not modeled by LEAP, thus this link is not built using these tools. Instead, this 
analysis is based on studies of other regions and aims at providing some insight into how Ningxia’s 
water and energy balance would be like in 2015.  
 
Ningxia 12th Five-Year Plan series set the target that, in 2015, the primary energy production will reach 
90 million TCE, of which 120 million tons raw coal, 68.7 thousand tons of crude oil, and 4.16 million 
TCE, or 13 billion kW·h, of non-fossil fuels (hydropower, wind power and photovoltaic). The primary 
energy will be processed for electricity generation, chemical production and other manufacturing 
industries. Water is intensively used in both primary and secondary productions. In this study, only 
water consumption by primary production and electricity generation in the secondary production is 
assessed, while water consumed by other industrial sectors is not considered. Table 6 displays selected 
energy production processes and corresponding water intensity.  
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Table 6 Water consumption in primary and secondary energy production 

Item Anticipated Production Water Intensity 

Unit Million MW·h Million m³/Million MW·h 
Primary Production -- -- 

Raw Coal 977 0.5904 

Crude Oil 0.799 3.8088 
Non fossil fuels, of which 13 -- 

Hydropower 1.8 (estimated) 5.4 
    Wind Power, Photovoltaic 11.2 (estimated) Marginal 
Secondary Production -- -- 
  Thermal Power, of which -- -- 
    Coal Calculated by LEAP 0.44-2.70 

Oil Refinery -- -- 
Diesel Calculated by LEAP 0.7 
LPG Calculated by LEAP 0.7 

* Caloric value per unit of fuel is from LEAP built-in database. Coal: 29.310 GJ/t = 8.142 MW·h/t. Crude oil: 

41.870 GJ/t = 11.631 MW·h/t. 

* Ningxia 12th Five-Year Plan sets the target that the production of non-fossil fuels will reach 4.16 million in TCE 

and 13 billion in kW·h.  

* The installed capacity of hydropower is anticipated to remain the same in the 12th Five-Year Plan period 

(Appendix Table A5). It is assumed that there will be no significant increase in the annual production of 

hydropower. 

* Water intensity is 0.44 m³/MW·h for air-cooling thermal power plant and 2.70 for circulating cooling thermal 

power plant. 

* Water intensity for primary production is referred to Water for Energy (World Energy Council, 2010). Water 

intensity for thermal power production and oil refinery is referred to Water Efficiency Guide for Key Industrial 

Sectors 2013 (MIIT, 2013). 

 
3.3.2 Energy needed to meet the water demand 
Energy is needed for pumping and transporting water, treating wastewater and other uses such as 
sustaining water treatment plant operation. In 2011, the production and supply of water consumed 
40,079 TCE, or 326 million kW·h (Ningxia Statistical Yearbook 2012). In agriculture, the energy is 
primarily used for transporting water from the sources and water is not treated. In urban and rural 
households, as well as in industry, in addition to transporting, energy is used in water treatment and 
distribution. Generally speaking, surface water treatment requires more energy than groundwater as 
groundwater has better quality than surface water (McMahon and Price, 2011). But Wang (2008) found 
that around 99% of the energy is consumed by pumps when withdrawing and distributing water while 
the treatment of water in the plant takes up only 1% of the total energy, therefore, the energy consumed 
during the water treatment is relatively marginal.  
 
Gao (2012) estimated the energy intensity for water supply under different circumstances and Yang et 
al. (2008) calculated the average energy intensity for wastewater treatment in the southwestern China. 
In the absence of local data, these estimations are used to assess energy needed to meet the water 
demand in 2015. Table 7 offers the estimations of energy intensity for water production and supply. 
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Table 7 Energy intensity for water production and supply 

 Energy Intensity (kW·h/m³) Note 

Surface water   
Agriculture 0.009-0.023 Transport distance: 2-5 km 

Industry 0.023-0.23 Transport distance:5-50 km 
Rural HH 0.009-0.023 Transport distance: 2-5 km 
Urban HH 0.069-0.23 Transport distance:15-50 km 

Groundwater   
North 0.013 Lift head: 2.5 m 
South 0.135 Lift head: 25 m 

Wastewater 0.275 + 0.001P 
P is the percentage of industrial 
wastewater in the wastewater mixture 

* HH stands for Household 

* Groundwater level in the Yinchuan Plain and Weining Plain in the northern Ningxia is around 2 meters and in the 

Qingshuihe Valley Plain in the central and southern Ningxia is around 20 meters. 

* Data of energy intensity is adapted from Gao (2012), Yang et al. (2008), and Ningxia Water Resources Bulletin 

2012. 
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4 Results 

4.1 Water demand 
According to the social and economic development targets and water development policies, WEAP 
calculates water demand by agriculture, industry, and rural and urban households at each demand site 
in 2015 automatically. The result is given in Table 8 and Fig. 12. 

Table 8 Annual total water demand and unmet demand in 2015 

Demand Site 
Water Demand 

(Million m³) 
Unmet Demand 

(Million m³) 
Consumption 

Rate (%) 

Yinchuan_Agriculture 1860.6 0 53.00 
Yinchuan_Industry 307.5 0 67.66 
Yinchuan_Rural 13.4 1.399 100.00 
Yinchuan_Urban 95.9 9.906 29.22 
Shizuishan_Agriculture 887.4 0 53.00 
Shizuishan_Industry 145.9 0 58.49 
Shizuishan_Rural 4.7 0.104 100.00 
Shizuishan_Urban 27.0 0 29.73 
Wuzhong_Agriculture 1533.8 0 51.00 
Wuzhong_Industry 72.1 0 47.70 
Wuzhong_Rural 21.8 0 100.00 
Wuzhong_Urban 15.1 0 30.00 
Zhongwei_Agriculture 1124.2 0 51.00 
Zhongwei_Industry 50.8 0 50.52 
Zhongwei_Rural 11.3 0 100.00 
Zhongwei_Urban 11.3 0 29.70 
Guyuan_Agricuture 77.9 0 35.00 
Guyuan_Industry 14.5 0 63.75 
Guyuan_Rural 12.2 0 100.00 
Guyuan_Urban 11.9 0 31.11 
Sum 6299.3 11.409 -- 

 
Fig. 12. Aggregated water demand by sectors 
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4.2 Energy Demand  
According to the social and economic development targets and energy development policies, LEAP 
calculates energy demands by sectors, i.e. agriculture, household, industry and transport, in 2015 
automatically. The result is organized in Table 9 and Fig. 13. The energy demands by sectors indicate 
the amount of secondary energy production and some of the primary energy production (electricity 
produced by hydropower, wind power and solar power). The rest amount of primary energy production 
is not included in Table 9 but shown in Table 6.  

Table 9 Annual energy demands by sectors in 2015 

Fuel Electricity Diesel LPG Coal Total 

Unit Million MW·h Million TCE 
Thousand 

TCE 
Thousand 

TCE 
Million 

TCE 
Million 
MW·h 

Agriculture 1.546 0.393 -- -- 0.190 1.546 
Household 1.441 -- 29.728 150.952 0.357 2.912 
  Household\Rural 0.466 -- 25.199 150.952 0.233 1.900 
  Household\Urban 0.975 -- 4.529 -- 0.124 1.012 
Industry 326.404 -- -- -- 40.094 326.404 
Transport 0.543 17.167 -- -- 17.234 140.299 
  Transport\Freight -- 17.024 -- -- 17.024 138.593 
  Transport\Passenger 0.543 0.143 -- -- 0.210 1.706 
Total 329.933 17.560 29.728 150.952 58.268 474.357 

 

 
Fig. 13. Energy demand by sectors 

4.3 Water for energy 
Water is needed for primary and secondary energy production. Based on Table 6 and Table 9, the total 
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Table 10 Water needed for primary and secondary energy production in 2015 

 Energy Produced 
(Million MW·h) 

Water Needed 
(Million m³) 

Primary Production 990.799 589.584 
Secondary Production 469.596 243.852 - 981.525 
Total -- 833.436 - 1571.109 
* Water consumption is minimal when all thermal power plants use air cooling and maximal when all thermal 

power plants use circulating cooling. Water consumption for once-through cooling and hybrid cooling is within 

this range.  

 

4.4 Energy for water 
Energy needed for water development is calculated according to Table 7 and Table 8. The result is 
processed and given in Table 11. 

Table 11 Energy needed for water production and supply in 2015 

 Water Supplied 
(Million m³) 

Energy Needed (Million kW·h) 

Range Average 

Surface Water -- -- -- 
Agriculture 5381.316 48.432 – 123.770 86.101 
Industry 258.628 5.948 – 59.484 32.716 
Rural 8.342 0.075 – 0.192 0.134 
Urban 12.182 0.841 – 2.802 1.822 

Groundwater --   
  North 560.504 7.287 7.287 
  South 21.882 2.954 2.954 
Wastewater 44.998 15.637 15.637 
Total 6287.851 81.174 – 212.126 146.65 
* The average proportion of industrial wastewater in the wastewater mix is 72.5%. 

 

  



23 
 

5. Discussion 

5.1 Interpretation of the results 
5.1.1 Water Sector 
Water supply could not meet the overall demand. Considering its low water availability, Ningxia has 
been devoting in improving its water productivity to mitigate the dilemmas between water supply and 
demand, industrial water use and domestic as well as ecological water use, limited Yellow River 
withdrawal quota and regional development. The progress is evident. GDP per unit of water use has 
increased all the way from 6.22 Yuan/m³ in 2004 to 33.56 Yuan/m³ in 2012 while water per capita 
(including water from Yellow River) decreased from 1260 m³/cap to 1071 m³/cap (Ningxia Water 
Resources Bulletin 2004-2012). However, although Ningxia has made a great leap forward, its water 
productivity is still the lowest in the Yellow River Basin and is a fifteenth of that of Beijing (NBS). 
WEAP calculates the water demand in 2015 and it turns out that, if not take into account the energy 
development policies, the total water demand, which is 6.2993 billion m³, will be slightly smaller than 
2012 with 0.77 billion m³ of water would be saved (Fig. 12) in the agricultural sector as the water 
efficiency improves (Table A2). Nevertheless, three demand sites, namely Yinchuan rural household, 
Yinchuan urban household and Shizuishan rural household, are likely to be faced with water shortage 
and the total deficit would be 11.409 million m³ under the water constraints calculated from the water 
policy. The reason lies behind might be that all these three demand sites rely on groundwater as their 
only water source, but there is a cap on the maximum groundwater withdrawal by the Most Stringent 
Water Resources Management System and the forecasted demand exceeds that limit.  
 
The water utilization structure is problematic. Agriculture has been and, as indicated in Fig. 12, will 
continue to be the predominant consumer of water. However, agriculture has the lowest output per unit 
of direct water use among all sectors in the Chinese economy (Kahrl and Roland-Holst, 2008). While 
Ningxia’s agricultural water productivity is a third of the national average, its industrial water 
productivity is above average and is ca. 50 times higher than the agricultural water productivity. But in 
Ningxia, industry only takes about 10% of the total water use, which is very low comparing to other 
provinces and regions in China. Theoretically, much more value can be made out of the scarce water 
resources if the water utilization structure can be modified with more water migrated from agriculture 
to industry. More value would then be generated to accelerate the economy development. But the 
challenge is to secure the agricultural output with significant less water and to secure a stable transition 
as the agricultural water migrates to other usages. If there is no great improvement in agricultural water 
productivity, there is expected to be a competition for the limited water resources between agriculture 
and industry, and water scarcity could hinder development of both sectors. 
 

5.1.2 Energy Sector 
The energy sector would be growing very fast if water is abundant. A rough estimation of Ningxia’s 
energy demand in 2015 is made and the result shows an enormous increase in energy consumption. It is 
forecasted that to power the economic and social development, 474.357 million MW·h energy would 
be needed, of which 68.8% goes to industry. Unlike many other places, Ningxia is not only a consumer 
of energy products, but also an important producer of both primary and secondary energy products. The 
government has made Ningdong Base to be a national key industrial zone and has designed ambitious 
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development plan. The energy sector will keep growing as a leading sector in Ningxia economy. But at 
what speed and to what extend can the energy sector actually grow, other constraints such as water 
should be taken into consideration.  
 
5.1.3 The Water-energy nexus 
Water scarcity might impede energy development while energy is abundant to support the water 
production and supply. Both the primary and secondary production of energy consumes tons of water. 
It is estimated that the water needed to meet its coal production target and to meet the energy demand 
for other sectors is 833.436 million m³ to 1571.109 million m³. Considering that most of the energy 
production takes place in the north, in particular Ningdong in Yinchuan, and that water for industrial 
production should from water sources that are close to the demand site, the water for energy is mainly 
withdrawn from the northeastern Ningxia and the corresponding demand site is Ningxia industry. 
However, under the water policies, the water allocated to Yinchuan industry in 2015 is forecasted to be 
only 307.5 million m³ as calculated by WEAP, much less than the water needed for primary and 
secondary energy production. Even if allocated all industrial water supplies in Ningxia to energy 
production, yet still the limited 590.8 million m³ of water is far from enough to satisfy the thirsty 
energy. Without sufficient water allocation, the energy sector could hardly develop at the speed and 
scale as planned. On the contrary, energy is not a constraint on the water sector. Only a two-thousandth 
of the total energy demand would be enough for water production and supply. But as in the future, 
when the South-to-North Water Transfer Project (Nan Shui Bei Diao, 南水北调) is in effect in Ningxia, 
and the requirements for water and wastewater treatment become higher, there would be an increasing 
demand for energy which is yet to be assessed (McMahon & Price, 2011).  
 

5.2 Opportunities for improving water and energy security 
The above analysis discloses the potential incoherency in current water and energy policies and the 
unsustainable development mode. On one hand, the water policy put stringent red lines to set limit on 
the amount of water that can be used by each sector; on the other hand, the energy policy set targets to 
develop coal and relevant chemical industry which consumes an amount of water that far exceeds the 
limit on industrial water use. 
 
Since every nexus is context specific in regards of natural conditions, mode of production, economic 
system, social culture, governance pattern and etc., there are no universal solutions or panaceas 
(Meinzen-Dick, 2007). Nonetheless, there are opportunities to mitigate the situation. In general, four 
aspects can be considered: increase water availability, improve water productivity, encourage water and 
energy conservation and adopt less water-intensive energy techniques. Four possible results would be 
gained (Fig. 14). The optimal result is to find the synergies to sustain water and energy at the same time. 
The suboptimal results are to reach the trade-offs to sustain either water or energy, under the premises 
that the counter sector is not exhausted. The worst result is that both sectors are not sustained and 
should be avoid. As for Ningxia, considering its natural conditions, securing water sustainability is the 
priority among priorities.  
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Fig. 14.Water and energy sustainability synergies and trade-offs 

 
The following suggestions could be considered to approach sustainable development of Ningxia.  
 
1) Increase water availability: 

Rainwater harvesting is a good practice to increase water availability with little add-on 
energy consumption. As introduced above, Ningxia’s water resource is defined by scarcity and 
the availability of water is truly worrisome. As the precipitation is unlikely to increase a lot, and 
the withdrawal from Yellow River is expected to decrease, harvesting rainwater to prevent 
unproductive loss of water is an alternative to help increase water availability. Study shows that, 
in the dry semi-arid region of China, plastic-covered ridge and furrow rainwater harvesting 
structure could ensure a higher level of crop production by enhancing soil moisture storage and 
rainfall use (Li, Gong and Wei, 2000). Many parts of Ningxia, though, have adopted rainwater 
harvesting techniques in different ways, such as harrowing and furrow irrigation, the greatest 
challenge against adopting more effective measures e.g. building water cellars and stone mulching 
is a lack of money. In addition, Ningxia government should invest in reconstructing, renovating 
and maintaining the water conservancy infrastructure to store and regulate water. 
 
Use wastewater as a resource is another way to increase water availability. Domestic water 
use has the highest requirements for water quality, and agricultural water has the lowest. If the 
urban sewage is properly treated, it can be supplied to industry; in the same way, the wastewater 
from industry can be used for irrigation after treatment. In 2011, Ningxia’s urban wastewater 
treatment rate was 70% and the reuse rate was merely 15% (MWR, 2011). In 2012, the 
wastewater flow returned to industry was only 14.2 million m³. In 2015, calculated from 
governmental plan, the amount of wastewater return flow would increase to 44.998 million m³, 
accounted for 7.62% of the industrial demand (Table 8, Table 11). There is still plenty of room for 
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improvement. If all urban wastewater was treated and the reuse rate was 100%, then in 2015, the 
total amount of reusable wastewater would be as much as 106.551 million m³. In addition, an 
amount of 228.109 million m³ of industrial wastewater would return to the water system in 2015, 
which can be a potential water source for agriculture. If all wastewater were treated and reused, 
then the total energy needed would be 116.3 million kW·h, just ca. 2‰ of the total energy demand. 
Of course, the wastewater cannot be fully recycled nor all treated to meet the standard for 
industrial/agricultural use, but it is still worthwhile to improve wastewater reuse rate in such a 
region where every drop counts.  
 
Control the quality of discharges and treat the polluted water can also improve water 
availability. One reason for the low availability of water resources in Ningxia is that the quality 
of water is too low to use (Section 2.2.1.1). On average, 13% of the local water resources are used. 
If the water can be treated to meet the standards for irrigation and industrial production, then more 
local surface water, for example, from lakes and reservoirs, can be utilized to ease the water use 
pressure. Although the treatment can be costly and the procedure may take a long time, in the long 
run, however, it is beneficial to invest in better water quality not only for the purpose of 
increasing water availability, but also maintaining its ecological functions. 

 
2) Improve water productivity: 

A great amount of water can be saved by improving agricultural water productivity. In 
Ningxia, 90% of water is consumed by agriculture. However, the water productivity is only a third 
of the national average. If water withdrawal and consumption per unit of cultivated land could be 
halved, then the agricultural water demand would be 2.74 billion m³ and the total demand will 
drop dramatically from 6.29 to 3.56 billion m³. The water productivity can be improved by many 
means, such as water efficient irrigation methods which can reduce unproductive evaporation 
from soil and better fertilizers which help retain soil moisture (though these techniques may bring 
about more energy consumption). What merit attention, not all water efficient technologies are 
applicable in Ningxia. Sprinkler, for example, is a good solution to save water but is not a 
practical measure in Ningxia as irrigation water from Yellow River carries too much sand. 
Developing agriculture in line with local conditions is also very important. Ningxia government 
has made a good attempt to develop three different demonstration zones according to natural 
conditions (Ningxia Government, 2012). By adjusting the agricultural structure and cultivation 
system, the government hopes to integrate more technologies and cultivate featured products to 
increase agricultural output with less water. The result is yet to be evaluated.  
 
Industry has a considerable potential for water productivity improvement. For instance, if all 
power plants adopt air-cooling system instead of the circulating cooling system, ca. 700 million 
m³ of water could be saved in the electricity generation process alone. If the water efficiency of 
primary energy production could be improved by 10%, then ca. 60 million m³ of water could be 
conserved. What’s more, industry can increase the reuse rate of domestic and industrial 
wastewater and treat water before finally discharge it to minimize the impact on water quality in 
the natural water system. 
 
Alter the water utilization structure is essential to increase the overall water productivity. 
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Section 5.1.1 details the irrational water utilization structure. Allowing water to migrate from the 
water inefficient agricultural sector to higher value added users such as manufacturing and 
construction would be a necessity for sustaining the economic growth. During the 11th Five-Year 
Plan period, Ningxia has transferred 62 million m³ of water through Water Right Transfer 
mechanism from the agricultural and domestic sectors to industry and generated a benefit of 7.2 
billion Yuan in total (MWR, 2012). However, sectors with higher water productivity are always 
relatively more energy intensive (Kahrl and Roland-Holst, 2008), which means the overall water 
consumption may still high because energy production needs lots of water. Thus, in planning and 
managing the Water Right Transfer mechanism, the trade-offs should be carefully assessed. 
 

3) Encourage water and energy conservation:  
Encouraging water saving and energy saving practices in households may also help alleviate 
the water pressure. If 10% of domestic electricity could be saved, 0.3 million MW·h of electricity 
and the associated 0.132-0.81 million m³ of water for electricity generation would be saved (not 
including water consumption for primary energy production). If 10% of domestic water use could 
be saved, then 2.245 million m³ of water and 700 MW·h of electricity can be saved. The water 
and electricity saving practices, if implemented, would benefit water conservation greatly. The 
government can provide economic incentives to encourage domestic water and energy saving. 
Water price ladder can slow down the domestic water use growth rate (MWR, 2012) when the 
expense on water is comparably high. Subsidy can also provide incentive for the adoption of 
water and energy efficient appliances. As changing environmental behavior is a heuristic task 
(Fischer, 2008), the society could invest in raising public awareness and promoting more 
sustainable consumption patterns. 

 
4) Adopt less water-intensive techniques: 

Increase the percentage of renewable energy such as wind power and solar power can 
decrease the water consumption by the electricity generation sector. While the water intensity of 
thermal power is 0.44-2.70 m³/ MW·h, that of wind power and photovoltaic is marginal. To 
generate the same amount of electricity, the larger proportion of wind and solar take, the less 
water would be needed. The concern is that wind power is not stable as it rises and falls with the 
wind, thus other electricity sources is also needed (Fencl et al., 2012).  

 
What’s more, in the future the water security should be always taken into consideration when making 
the energy development policies. Although Ningxia relies on its rich energy reserve for economic 
development and China needs the energy for power, the extraction rate and scale should be 
reconsidered and redesigned to reconcile to water sustainability. If the development of both sectors 
cannot be coordinated, the social and economic development would be threatened in the long term. 
Before enough water can be migrated from other sectors with a stable transition, the energy sector 
should slow down to avoid over-exploiting water resources.  
 
There are also many other measures that may help Ningxia improve its water and energy security. No 
matter which suggestion(s) to follow, it is important to carry out a comprehensive assessment of the 
policy coherency through the lens of water-energy nexus before implementation. In the future research, 
their viabilities will be analyzed and evaluated. 
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5.3 Limitations and future work 
There are several limitations. Firstly, the data comes from multiple sources and yet some is missing. 
Currently, there are not many studies particularly focus on Ningxia’s water and/or energy system. The 
primary data sources are Ningxia Water Resource Bulletins, Ningxia Statistical Yearbooks and National 
Bureau of Statistics. Some data in one source might be different from the one from another source due 
to the statistical methods adopted. Some data cannot be directly obtained and needs to be estimated 
based on historical data or corresponding data of other regions. Some data is totally missing and has to 
be estimated and forecasted. If there were more accurate local data, the model can describe the real 
system more precisely and the result can be more reliable and convincing. And with more data, the 
linkage between WEAP and LEAP can be built, which helps to assess the water-energy nexus 
dynamically. Secondly, the performance of WEAP and LEAP is best in the mid- and long-term 
resources planning. In this Ningxia case, the time frame is only 4 years due to the data available thus 
the result may not be as good as it should be. However, as a test of the water-energy nexus approach on 
a regional level, this study has value as it demonstrates the workability of this methodology and builds 
the basis for further long-term scenario analysis of the Ningxia case.  
 
In the future, with more relevant data, the transmission and resources parts could be added to LEAP to 
construct a more complete energy system. And if there is direct or indirect data of power plant water 
consumption, then a linkage between LEAP primary and secondary energy production and WEAP 
water use for energy sector can be built. The advantage would be that the tools will iterate the energy 
and water systems automatically and gives a dynamic balance between these two. Also, with more 
specific data, LEAP’s data tree can be modified to show the differences consumptive patterns among 
different municipalities. This is because the five municipalities in Ningxia have quite different 
situations and conditions. An analysis on municipal level may help to highlight the differences and to 
make a more accurate nexus diagnose. What is more, food and climate can be also added to this nexus 
analysis. Food, for example, requires both water and energy to grow; if food is used as biofuel, the 
water consumption is considerable and food for fuel will compete with food for life for land. Of course, 
with more components, the nexus would be much more complex. 

  



29 
 

6. Conclusion 
This study quantitatively analyzes the water and energy development status and policies in Ningxia 
through the water-energy nexus approach. It is projected that in 2015, the water demand would be 6.3 
billion m³ and energy demand 58.268 million TCE. In addition to it, the primary energy production is 
anticipated to reach 90 million TCE, of which 95.4% is fossil energy. The water-energy nexus assesses 
that 833.436 - 1571.109 million m³ of water would be needed by the energy sector, and 81.174 - 
212.126 million kW·h of electricity would be needed for water production and supply. While energy is 
abundant to meet the water demand, water is not enough to support the energy development, and the 
deficit is up to ca. 500-1200 million m³. The result reveals that current water and energy development 
is unsustainable if water and energy develop in accordance with their sectorial policies. Suggestions for 
Ningxia to achieve sustainable development are proposed and briefly discussed. Although the work is 
limited primarily by the data availability, but the initial experiment of the water-energy nexus approach 
on a regional level proves the viability of this methodology. For future work, more data needs to be 
collected to further understand Ningxia’s regional water-energy nexus, provide and evaluate policies 
which are tailored to Ningxia’s condition after comprehensive cross-sectorial assessment to manage the 
nexus in a sustainable way. 
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Appendix: 

1. Map of Ningxia Surface Water Resources 

 
Fig A1 Map of Ningxia water resources, annual runoff depth. The annual runoff depth is declining from the south 

of Ningxia to the north. The map also tells the average salinity (pink bar) and average sediment concentration 

(yellow bar) in different areas. Adapted from Ningxia Water Resources Bureau. 

Source: http://www.nxsl.gov.cn/sltweb/articleMsg.action?articleId=21074&channelId=23  

http://www.nxsl.gov.cn/sltweb/articleMsg.action?articleId=21074&channelId=23
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2. Data for WEAP 
2.1 Annual Activity Level of Demand Sites 
The annual activity level is a measure of social and economic activity in WEAP’s Demand Analysis. It 
represents the amount of water need by each demand site. Table A1 collects current and projected 
annual activity level of demand sites. 

Table A1 Current and projected annual activity level of demand sites 

 2012 2015 Growth Rate Note 

Yinchuan_Agriculture (km²) 1496 1496 - C, F 
Yinchuan_Industry (Billion Yuan) 47.587 66.8567 12% C, A 
Yinchuan_Rural (1,000 cap) 524.19 540.08 1% C, F 
Yinchuan_Urban  (1,000 cap) 1535.5 1602.8 7.98% O, F 
Shizuishan_Agriculture (km²) 886 886 - C, F 
Shizuishan_Industry (Billion Yuan) 22.578 31.715 12% C, A 
Shizuishan_Rural  (1,000 cap) 218.2 218.2 0 C, F 
Shizuishan_Urban  (1,000 cap) 523.4 578.6 3.4% O, F 
Wuzhong_Agriculture (km²) 14884 14884 - C, F 
Wuzhong_Industry (Billion Yuan) 11.153 15.669 12% C, A 
Wuzhong_Rural  (1,000 cap) 787.01 780.18 -0.29% C, F 
Wuzhong_Urban  (1,000 cap) 524.99 590.88 4.02% O, F 
Zhongwei_Agriculture (km²) 1032 1032 - C, F 
Zhongwei_Industry (Billion Yuan) 7.865 11.050 12% C, A 
Zhongwei_Rural  (1,000 cap) 742.5 708.5 -1.55% C, F 
Zhongwei_Urban  (1,000 cap) 364.7 459.2 7.89% O, F 
Guyuan_Agricuture (km²) 447 447 - C, F 
Guyuan_Industry (Billion Yuan) 2.286 3.211 12% C, A 
Guyuan_Rural  (1,000 cap) 932.9 820.2 -4.2% C, F 
Guyuan_Urban  (1,000 cap) 331.4 392.5 5.8% O, F 
* O stands for Original. Data for Current Accounts (2012) is directly from Ningxia municipal statistical 

yearbooks 2012 (Ningxia Statistics, 2013).  

* C stands for Calculated. Data for Current Accounts (2012) is calculated from original data in Ningxia Water 

Resource Bulletin 2012 and Ningxia municipal statistical yearbooks 2012 (ibid).  

* A stands for Anticipated. Data for Scenario Analysis (2013-2015) is from Ningxia 12th Five-Year Plan of 

Economic and Social Development (Ningxia Government, 2012). It is anticipated that GDP grows at the rate of 

12%. Assumption is that industrial output value grows at the same rate as GDP. 

* F stands for Forecast. Data for Scenario Analysis (2013-2015) is forecasted on the basis of corresponding 

historical data from 2008 to 2011.  

 

2.2 Annual Water Use Rate 
The Water Use Rate is the average annual water consumption per unit of activity. For a demand site, 
the water demand is the product of its annual water use rate and corresponding annual activity level. 
The total annual water demand is the sum of water demand of all demand sites and is calculated by 
formula (1). Current and projected annual water use rate by demand sites is shown in Table A2. 

𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑇𝑇 𝑊𝑇𝑇𝑊𝑊 𝐷𝑊𝐷𝑇𝐴𝐷 =  ∑𝐴𝐴𝐴𝐴𝑇𝑇 𝐴𝐴𝑇𝐴𝐴𝐴𝑇𝐴 𝐿𝑊𝐴𝑊𝑇𝑖 ×𝑊𝑇𝑇𝑊𝑊 𝑈𝑈𝑊 𝑅𝑇𝑇𝑊𝑖     (1) 
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Table A2 Current and projected annual water use rate of demand sites 

 2012 2015 Method 

Yinchuan_Agriculture (m³/km²) 1404000 1243575 Linear Forecast 
Yinchuan_Industry (m³/Yuan) 0.0046 0.0046 Interpolation 
Yinchuan_Rural (m³/cap) 24.27565 24.76951 Linear Forecast 
Yinchuan_Urban (m³/cap) 52.81667 59.81233 Linear Forecast 
Shizuishan_Agriculture (m³/km²) 1162500 1002150 Linear Forecast 
Shizuishan_Industry (m³/Yuan) 0.0054 0.0046 Interpolation 
Shizuishan_Rural (m³/cap) 23.37305 21.51696 Linear Forecast 
Shizuishan_Urban (m³/cap) 42.41498 46.74714 Linear Forecast 
Wuzhong_Agriculture (m³/km²) 1180500 1030800 Linear Forecast 
Wuzhong_Industry (m³/Yuan) 0.0072 0.0046 Interpolation 
Wuzhong_Rural (m³/cap) 24.77764 27.93743 Linear Forecast 
Wuzhong_Urban (m³/cap) 28.57143 25.54632 Linear Forecast 
Zhongwei_Agriculture (m³/km²) 1233000 1089675 Linear Forecast 
Zhongwei_Industry (m³/Yuan) 0.0074 0.0046 Interpolation 
Zhongwei_Rural (m³/cap) 15.89226 15.88453 Linear Forecast 
Zhongwei_Urban(m³/cap) 27.694 24.56914 Linear Forecast 
Guyuan_Agricuture (m³/km²) 195000 174375 Linear Forecast 
Guyuan_Industry (m³/Yuan) 0.0035 0.0045 Interpolation 
Guyuan_Rural (m³/cap) 15.11416 14.83112 Linear Forecast 
Guyuan_Urban (m³/cap) 27.15751 30.44104 Linear Forecast 
* Interpolation: Water usage per unit of industrial added value is bound by Implementing Assessment Method for 

the Most Stringent Water Resources Management System. Given the end year (2015) and end year value 

(required by the government), interpolation is used to calculate the values in the years between 2012 and 2015.  

Syntax: Interp(2015, Value_in_2015). 

* Linear forecast: With a time-series of historical data available, future values are estimated using linear 

regression assuming the value in Year N corresponds linearly to Year N. In these cases above, the correlation 

coefficients are all tested to be greater than 0.9, which means the regression fits the historical well thus it is 

statistically valid to use linear forecast here.  

Syntax: LinForecast(Year1, Value1, Year2, Value2, ….YearN,ValueN). 

 
2.3 Yellow River headflow monthly variation 
Headflow is the average inflow at the first section when the river enters the region. As the runoff of the 
Yellow River varies greatly on monthly bases, it would be better to analyze the water supply and 
demand balance in accordance with the variation. Since there is a lack of data, the monthly variation is 
estimated based on data available.  
 
In 2012, the inflow into Ningxia was 37.3831 billion cubic meters (NXSL, 2012). Ningxia Hydrology 
and Water Resource Survey Bureau reports daily flow of the Yellow River at the first hydrological 
monitoring station, the Xiayanhe 下沿河 Station, during the ice-frozen period (NXSWJ, n.d.) and the 
Bureau of Water Resources of Ningxia Hui Autonomous Region reports the rest of the year (NXSL, 
n.d.). Data is extracted from these websites using Web crawlers, and result indicates a bell curve of the 
Yellow River flow at the Xiayanhe monitoring station. Wang et al. (2009) presented recorded monthly 
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runoff at representative stations at lower reaches of Yellow River when computing ecological water 
demand. The record also shows a bell curve similar to that at the Xiayanhe station. This means the bell 
curve can represent the general monthly variation trend of Yellow River flow. A bell curve is 
reconstructed according to the data extracted from the websites mentioned above and presented in Fig. 
A2.  

 
Fig. A2. Estimated Yellow River headflow monthly variation. 

 
2.4 Water supply and demand balance in 2012 
An inventory of the water supply and demand balance is used for simulating Current Accounts and 
calculating maximum flow constraints for transmission links in Scenario Analysis. The following 
diagrams show how much a water resource supplied and how much a demand site withdrew with 
detailed information of how much water from a water resource was withdrawn by a demand site. Also, 
the amount of final consumption of water by each demand site is displayed in brackets. For example, 
Fig. A3(a) tells that Yinchuan agriculture withdrew 2.0847 billion m³ from surface water and 0.0159 
billion m³ from groundwater. Out of 2.1006 billion m³ total water withdrawal, 0.8344 billion was 
consumed by crops, evaporation and leakage, the rest unconsumed returned to water resources. The 
original data is from Ningxia Water Resources Bulletin 2012. The allocation of groundwater is given in 
the bulletin and the rest detailed allocation of water is calculated under the assumptions that: 

 All return flows go for industrial use. 
 After allocate groundwater and wastewater return flow, the unmet demand is covered by 

surface water from local river and Yellow River. 
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 (a) Water supply and demand balance of Yinchuan, 2012 

 
(b) Water supply and demand balance of Shizuishan, 2012 

 
(c) Water supply and demand balance of Wuzhong, 2012 
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(d) Water supply and demand balance of Zhongwei, 2012 

 
(e) Water supply and demand balance of Guyuan, 2012 

Fig A3 Water supply and demand balance of (a) Yinchuan (b) Shizuishan (c) Wuzhong (d) Zhongwei and (e) 

Guyuan in 2012.  

 
2.5 Supply preference in Scenario Analysis 
Supply preference is a linking rule to determine the mix of supply from various sources if the demand 
site has multiple sources and can help reproduce a particular observed mix in some cases. In WEAP, 
the smaller the number of Supply Preference, the higher priority the source has, and the more prior it 
will be supplied until its limit is reached, the rest unsatisfied demand will be met by other sources with 
lower supply preference. In the Ningxia case, for agriculture, Yellow River is prior to groundwater; for 
industry, Yellow River and wastewater have higher priority to groundwater; for rural and urban 
households, groundwater is prior to Yellow River. The mix in 2012 is known and that in 2015 is 
projected based on water demand and supply balance in 2012 and the stringent red lines bound by the 
government. The projected mix in shown in Table A3.  

 
 
 
 
 



40 
 

Table A3 Projected water supply mix in 2015 (Unit: Billion m³) 

 Agriculture Industry Rural Urban  

 GW SW GW SW WW GW SW GW SW 
Yinchuan 0.0126  1.9482  0.1106  0.1484  0.0230  0.0120  0  0.0860  0  

Shizuishan 0.0321  1.0677  0.0908  0.0453  0.0150  0.0046  0  0.0238  0.0026  
Wuzhong 0.0293  1.7465  0.0550  0.0340  0.0040  0.0203  0.0051  0.0176  0  
Zhongwei 0.0545  1.4044  0.0300  0.0200  0.0020  0.0128  0.0032  0.0160  0  
Guyuan 0.0194  0.1522  0.0090  0.0110  0.0010  0.0076  0.0076  0.0030  0.0119  

* GW is short for Groundwater, SW is short for Surface Water (including Yellow River and local river), and WW is 

short for Wastewater Return Flow.  
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3 Data for LEAP 
3.1 Activity Level and Energy Intensity 
The same as WEAP, the activity level is a measure of the social and economic activity for which 
energy is consumed while Energy Intensity is the energy use per unit of activity. Total energy 
consumption is the product of the Activity Level and Energy Intensity. But slightly different from 
WEAP, LEAP allows users to directly enter total energy in cases where there is only total final energy 
consumption but no breakdown of it. In the Ningxia case, energy consumption of household (urban and 
rural) and transport are calculated as the products of corresponding activity level and energy intensity 
while energy consumption of agriculture and industry are using the total energy method. Table A4 
presents the activity level, energy intensity and total energy. Total annual energy demand is calculated 
by formula (2).  
𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑇𝑇 𝐸𝐴𝑊𝑊𝐸𝐴 𝐷𝑊𝐷𝑇𝐴𝐷 =  ∑𝐴𝐴𝐴𝐴𝑇𝑇 𝐿𝑊𝐴𝑊𝑇𝑖 ×𝑊𝑇𝑇𝑊𝑊 𝑈𝑈𝑊 𝑅𝑇𝑇𝑊𝑖 + ∑𝑇𝑇𝑇𝑇𝑇 𝐸𝐴𝑊𝑊𝐸𝐴𝑗  (2) 

 
Table A4 Activity level, energy intensity and total energy 

    
Activity Level Energy Intensity Total Energy 

Agriculture -- -- -- 
 Electricity -- -- 1.275 Billion kW•h 
 Diesel -- -- 225.76 Thousand tons 
Household -- -- -- 

 
Urban -- -- -- 

  
Air Conditioning 108699 HH 540 kW·h/HH C 

  
Refrigerator 918454 HH 328.5 kW·h /HH C 

  
Color Television 1018177 HH 105 kW·h /HH C 

  
Water Heater 839672 HH 285 kW·h/HH C 

  
Microwave Oven 425819 HH 112.5 kW·h/HH C 

  
Washing Machine 951362 HH 40 kW·h/HH C 

  
Cooking & Others -- -- -- 

   
LPG 196565 HH 4.116 GJ/HH C 

   
Coal Gas 10942 HH 1.554 GJ/HH C 

   
Natural Gas 429544 HH 0 C 

 
Rural -- -- -- 

  
Air Conditioning 8729 HH 540 kW·h/HH C 

  
Refrigerator 592592 HH 328.5 kW·h/HH C 

  
Color Television 1195852 HH 105 kW·h/HH C 

  
Ventilator 86319 HH 80 kW·h/HH C 

  
Washing Machine 888403 HH 40 kW·h/HH C 

  
Cooking & others -- -- -- 

   
LPG 17.3 Kg 47.31 MJ/Kg C 

   
Coal 127 Kg 38.61 MJ/Kg C 

Industry -- -- -- 
 Coal Equivalent -- -- 31.1 Million TCE 
Transport -- -- -- 

 
Passenger -- -- -- 
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Railway 

4.113 Billion 
Passenger-kms 

0.1 kW·h 
/Passenger-kms 

C 

  
Highway 

7.67 Billion 
Passenger-kms 

0.125 kW·h 
/Passenger-kms 

C 

 
Freight -- -- -- 

  
Railway 36.56 Billion Ton-km 3 MJ/Ton-km C 

  
Highway 70.01 Billion Ton-km 4 MJ/Ton-km C 

* C stands for Calculation. The value denoted by C is calculated by LEAP automatically.  

* HH stands for Household. 

* Values for activity level are adapted from National Bureau of Statistics of China and Ningxia Statistical 

Yearbook 2012.  

* Energy intensity of energy products (LPG, coal) is from LEAP embedded database. Energy intensity for 

household electronic appliances is from 2050 China Energy and CO2 Emissions Report (China Energy and 

Carbon Emissions Research Group, 2009) 

* Total Energy for agriculture and industry is from National Bureau of Statistics of China. 

* The energy intensity of natural gas is 0 is not because natural gas does not provide energy but because of that 

natural gas used in Ningxia is extracted and imported from other provinces, thus do not need to consume 

Ningxia’s water resources for extraction. 

 
3.2 Assumptions and projected activity level in scenario analysis 
It is projected in WEAP that the total population will reach 6691.12 thousand in 2015 from 6471.90 
thousand in 2012, growing at an annual rate of 0.63%, which is lower than the upper limit 0.9% set by 
the government. There were 1,967,110 households in 2012 according to Ningxia Statistical Yearbook 
and the number of people per household was 3.29. The share of urban households is anticipated to 
grow from 50.70% in 2012 to 55% in 2015 and the number of major electrical appliances per 
household is expected to increase. The method used to project the activity level of electrical appliances 
in 2015 is linear forecast based on historical data from 2009 to 2012. As to cooking and others, the 
activity level is forecasted using interpolation. In 2015, it is anticipated that 95.5% of urban households’ 
cooking will use natural gas. It is assumed that coal gas will be phased out by then and the rest demand 
will be covered by liquefied petroleum gas (LPG). In terms of industry, the GDP is expected to grow at 
the annual rate of 12%, at the same time, energy consumption per unit of GDP is expected to decline 15% 
in total. So the annual industrial total energy growth rate is estimated to be 8.86%. In the end, the 
activity level of transport is projected using interpolation based on historical data from 2009 to 2012 
(Ningxia Statistics, 2013).  
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4. Selected Achievements and Targets of Energy Development 
Selected achievements in energy development during the 11th Five-Year Plan period (2005-2010) and 
targets of the 12th Five-Year Plan of Energy Development (2011-2015) are summarized in Table A5: 

Table A5 Selected energy development in 2005, 2010, 2015(expected) 

 Unit 2005 2010 2015 
Annual 

Growth Rate 
Note 

Primary energy production 1,000 TCE 19715 49730 90000 12.6% A 
Raw Coal 1,000 tons 26597.7 68080 120000 12% A 
Crude Oil 1,000 tons 40 68.7 68.7  A 
Non-fossil energy Billion kW·h 1.767 3.17 13 33% A 
Primary energy consumption 1,000 TCE 25096 36810 55200 8.36% TBD 
Electricity consumption Billion kW·h 30.288 54.677 99 12.6% A 
Electricity installed capacity MW 5190 14000 37426 21.7% C 
Hydropower MW 426 426 426 0 A 
Thermal Power MW 4652 12714 31000 19.5% C 
Wind Power MW 112 766 5000 45.5% A 
Solar Power MW 0 90.33 1000 61.7% A 
Exported electricity MW - 2000 12000 43% A 
Energy consumption per unit 
GDP 

TCE/1,000 
Yuan 

0.2803 0.224 0.1904  B 

Energy consumption per unit 
electricity generated 

g SCE/ kW·h 351 341 325 -0.9% A 

* GDP is calculated at 2010 constant prices. 

* A is short for Anticipated, B is for Binding, C is for Calculated, TBD is for To Be Determined. 

Adapted from Ningxia Hui Autonomous Region the 12th Five-Year Plan of Energy Development and National 

Bureau of Statistics of China.  
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5. Acronyms and Abbreviations 
ca. Circa (about) 
CMS cubic meter per second 
e.g.  exempli gratia (for the sake of example) 
GDP Gross Domestic Product 
GW·h Gigawatt hour, 106 kW·h 
i.e.  id est (that is) 
km² Square kilometer 
kW·h Kilowatt hour. A unit of energy equal to 1,000 watt hours, or 3.6 mega joules 
LPG  Liquefied petroleum gas 
m3 Cubic meter 
MW Megawatt 
MW·h Megawatt hour, 103 kW·h 
NBS National Bureau of Statistics of China 
sq. Square 
TBD To be determined 
TCE Ton of coal equivalent, 29307MJ/t 
TW·h Terawatt hour, 109 kW·h 
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