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Executive Summary 

In 1984, the Institute of Nuclear Energy Technology (INET) launched a study 

of energy use in urban households of China; the aim was to construct a 

mathematical model and appropriate computer software for forecasting energy 

demand. The study received financial support from the State Science and 

Technology Commission of the People's Republic of China and the 

International Development Research Centre of Canada. 

China's official statistics on energy consumption by urban households 

include energy used by government establishments, municipal services such as 

street lamps and sewage, and public transport. The INET study attempted to 

disaggregate the data, drawing on household surveys by municipal statistics 

bureaux, working backward from floor space and heating standards, and 

investigating channels for energy supply. For example, a rationing system 

exists for space heating and cooking in the country: based on location (i.e., 

average winter temperatures) and numbers of persons to feed, households or 

communal eating places are allocated coupons or cards that are honoured by 

local suppliers of coal or LPG. Use of electricity is metred; hotels, government 

institutes, and municipal installations apply for the quota they want to use, 

and the volume of power for residents is limited by the capacity of power lines 

and electric metres for households. Also, since 1986, residents have had to pay 

5-10 times as much for power use in excess of 80 kWh monthly. 

The study team concentrated on gathering data in four cities -- Beijing, 

Wuhan, Hangzhou, and Xinxiang -- and extrapolated the results for use by 

planning agencies. 

China has 300 cities with populations ranging from fewer than 0.2 million 

(55% of the cities) to more than 2 million (about 4% of cities). The cities 

chosen for in-depth examination were in north (Beijing), central (Wuhan and 
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Xinxiang), and east (Hangzhou) China, with populations of 5.76 million 

(Beijing), 3.34 million (Wuhan), 1.22 million (Hangzhou), and 530 000 

(Xinxiang). Two (Beijing and Xinxiang) are deemed by the government to 

require space heating in winter. All four of the cities are larger than the 

average city in China but represented a mix of major employers -- government 

(Beijing); tourism (Hangzhou); transport/trade (Wuhan); textile, machinery, 

and chemical industries (Xinxiang). All had relatively comprehensive statistics 

on energy use. 

The findings were that the nonindustrial urban sector accounted for about 

13-19% of total use of commercial energy. Annually this represents a 

per-person use of slightly less than 400 kgce (kilograms coal equivalent), 

except in Beijing, where municipal services, public transport, and hotels are 

much better than average because it is a cultural centre and the capital city. 

Other than bicycles, the chief means of transport in cities was bus, but the 

waits were long, the roads congested, and the vehicles crowded. In all of 

China, the fleet totals 40 000 buses. Passengers generally spend 2 h going to 

and coming from work. 

Coal is the main fuel, providing as much as 80% of energy used in urban 

households. In Beijing, coal accounted for about 60% of energy, with LPG, 

piped gas, and electricity being more readily available than elsewhere. The 

reliance on coal was coupled with low efficiency -- less than 30%. 

Also, the use of coal as fuel for cooking and heating was inconvenient and 

a major source of pollution. The per-person requirement for fuel to cook meals 

and heat water was about 700 kcal/day (2930 kJ/day). 

Power consumption per family averaged 10 kWh monthly, and power cuts 

were common. Nevertheless, household surveys indicated a large increase in 

the numbers of appliances owned by urban dwellers. Of every 100 households 

in Beijing in 1981, 1.67 owned refrigerators; in 1985, the figure was 41.9. The 

growth in numbers of televisions in Beijing was similar: from 1.67 in 1981 to 

32.2 in 1985. 
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From these and other data, a model was developed; based on 

technoeconomic analysis, it integrated all the "energy elements" measured 

according to different energy-using activities. It also incorporated changes that 

reflected the trends in behaviour by consumers and allowed forecasting of 

changes brought about by policy interventions. For example, goals in the 

Seventh Five Year Plan are to enable gas to be used by 40% of the urban 

population by the year 1990; to heat at least 90 x 106 m2 floor space by 

district heating methods; to increase paved roads from 3 m2/person to 4 m2
; 

and expand per-person living space to 6 m2 from 5 m2• 

Based on these and other assumptions as well as the data collected, a 

preliminary forecast of energy demand in Beijing was produced with the 

model. According to the results, energy demand for nonindustrial uses will 

grow about 2.6 times by 1990 and 3. 7 times by 2000. This increase would be 

more than a two-fold rise in energy consumption overall in Beijing. 

The results are preliminary because they are intimately connected to ·the 

policies of government, particularly those on subsidization of urban household 

energy and on urban population. As the effects of current policies in these two 

areas are far-reaching, changes could mean major differences in, for example, 

development and availability of gas as a source of energy in urban areas. 

Changes in these policies are warranted and necessary since one of the 

major goals of the policies -- a just distribution of resources -- is no longer 

being served. The policy on subsidization, in particular, has placed an 

ever-growing financial burden on the state and is hindering the development 

and supply of household energy. 

Since demand at present is constrained at least partially by supply, the 

forecast is strongly affected by policies. A rationalization of subsidies and of 

energy pricing would stimulate production of energy for households. The 

model is flexible and could be used to obtain a picture of future demand, given 

modified circumstances. 

Since it was devised, the model has been used by state researchers 

responsible for drafting Chiriese Eriergy in 2000 and the medium- and long-

Energy Use in tM Nonindustrial Urban Sector of China -- 7 



term state energy model. In addition, training courses have been provided to 

staff from central and provincial governments. Supplementary funding from 

IDRC will enable testing of a 2-week course on policy formulation for 

nonindustrial energy sectors in urban areas; the course is planned initially for 

20 urban energy planners and, ultimately, for 500 planners. The expectations, 

of course, depend on feedback from the initial course and on the availability 

of funds. 
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Introduction 

In energy production, China is the third largest country in the world: its 

total output in 1984 equaled 778 x 108 tee (tonnes, coal equivalent). The 

output per person, however, was only 0.76 tee, and energy consumption in 

Chinese households is low compared with other countries of similar climate. 

The exact statistics are not known, as the majority of households are in rural 

areas and use energy sources that are not recorded officially -- firewood, 

animal dung, plant residues, etc. 

For urban households, official statistics on total consumption are part of 

figures for the nonindustrial sector along with government institutes, 

municipal establishments, public utilities, cultural and educational 

undertakings, research institutes, and food services. The total energy 

consumed by this category was 90 x 108 tee (tonnes coal equivalent) in 1984. 

By far, the largest source of energy in the nonindustrial sector (86%) was 

coal: the country's total coal consumption in 1984 was 744 x 108 t, 14.6% of 

which went to the nonindustrial urban sector. Of this total, 40% was 

earmarked for space heating in northern cities, and the remainder was 

allocated to household and communal cooking, and the trade services industry. 

The statistics on coal use, however, are incomplete and difficult to obtain 

as the channels for supply are many. For example, most urban residents go 

to coal shops (under the auspices of the regional or municipal fuel company, 

which in turn reports to the national materials department) to get their 

supplies, using card, coupon, or both, but some go directly to nearby mines. 

Rail workers get coal from the ministry of railways, and federal agencies 

obtain supplies from the materials department via appropriate channels. Coal 

for collectives is by quota. The amount for cooking is checked against the 

monthly consumption of food grains, and coal for heating water is rationed 
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according to the numbers of people in the collective. Similarly, the coal for 

heating is decided according to the area and type of stove. Records are kept 

for each collective and are updated daily. Coal for catering and service trades 

is by ration or quota and is based on the volume and type of business. 

Use is closely controlled, and if controls were loosened, many people in 

central China would probably increase their use of coal for space heating. 

Many homes are poorly insulated so temperatures inside and outside are 

practically the same and at times are freezing in areas where no space heating 

is allowed. 

The disadvantages of using coal include its low efficiency, its bulk, 

inconvenience, and residues. 

For example, air pollution in Beijing is serious, especially in winter, as 

39.2 t of dust falls monthly on every square kilometre of the city. The 

concentration of sulfur oxide is 0.305 mg/m3
, tripling the state regulations. 

The particles in the air, 840 g/m3
, are much denser than in Calcutta, the most 

polluted city in India. Deaths from lung cancer are rapidly increasing. An 

energy mix centred on coal has a very low socioeconomic benefit if one 

considers the efficiency, convenience, and health aspects of using different 

fuels. 

Converting the coal to gas improves the heating efficiency and cuts the 

pollution dramatically so municipal governments cite gasification of coal as a 

priority. However, their funds and equipment are limited, and authorities 

disagree on how to use the gas produced. 

The traditional view is that gases serve as high-quality fuel and raw 

material for industry and are wasted if used in the household sector. However, 

the efficiency of coal in industry is 50-60%, coal gas 60-80% and natural gas 

about 10-20% higher. In household cooking, natural gas is about 30% more 

efficient, with heat efficiencies of 15-18% for coal, 30-36% for coal gas, and 

55-60% for natural gas and LPG. 

Substituting coal for natural gas in ammonia-making would free up large 

quantities of natural gas for household uses. At present, natural gas is 
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available only in cities near oilfields, and about 40% of the natural gas being 

produced in China goes into the chemical industry, with more than 80% of 

that amount being used in production of ammonia. Most of the remainder is 

used as fuel for industry. 

In recent years, China has annually produced 1.5 x 106 t of LPG (liquid 

petroleum gas) and 12 x 109 m3 of natural gas, but official statistics suggest 

that only about 20% of the former and 1 % of the latter are used in 

households. These two types of gas, together with coal gas, constitute 98% of 

the gas consumed in urban areas of China. If one assumes cooking and 

heating water require an average daily 2720 kJ/person (650 kcal/person), the 

figures suggest that 27 million people or 14% of city dwellers used gas in 

1984. The estimate is 2.6% of the country's population. This figure compares 

with more than 90% gasification in the UK and Japan, 85% for the USA and 

France, and 80% for the Soviet Union. 

The picture is similar for power consumption: of 322 x 109 kWh used in 

urban areas nationwide in 1984, only 8% was estimated to reach the 

household sector; this compares with 33.1 %, 35.4%, 29.2%, 23.2%, and 14.0% 

for households in the USA, UK, France, Japan, and the USSR respectively. 

Power consumption by households in China's cities is much less than the 

amounts associated with modem cities but high compared with power 

consumption outside the cities in China. Also, the amount is growing steadily: 

in 1981, the power consumed per household was 6.63 kWh/month; in 1982, 

7.37; in 1983, 8.12; and in 1984, 8.84 kWh/month. Government institutes, 

municipal installations, and hotels have to apply for the quota of power they 

want to use, whereas residents who have lines into their homes could use as 

much as was available until 1986 when the government established a 

per-household quota of about 80 kWh monthly. Additional use of power, as 

available, costs 5-10 times the basic rate. 

To obtain a clearer picture of energy use in nonindustrial urban sectors 

(including households) and to provide some basis on which to plan energy 

developments, we at the Institute of Nuclear Energy Technology (INET), with 
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financial support from the International Development Research Centre, 

Canada, undertook a study for Beijing, Wuhan, Hangzhou, and Xinxiang. The 

aim was to analyze consumption and supply in these cities, to create and test 

models that forecast demand by nonindustrial sectors (including urban 

households) for energy to the year 2000, to compile computer programs for 

modeling, and to recommend energy policies for the country. In this way, we 

hoped to contribute to the economic development and modernization reform 

sweeping the country. 

Reform began recently and set in motion a restructuring of the economy, 

politics, education -- virtually every field of life in the country. For example, 

since the 1980s the government has made changes in housing policy: it began 

permitting and encouraging people to build or purchase houses. As a result, 

9 x 106 m2
, 1.4% of total floor space in housing, had been sold to individuals 

by 1986. 

In other words, the government is more open to change than it has been 

m the recent past and is looking at its options, including those in energy 

development. 

China is a planned economy -- the economic activities of production being 

regulated and organized through 5-year plans. During the sixth 5-year plan 

(1981-85), energy was given special attention as the fuel for development, and 

the output of crude oil and raw coal in 1985 and 1986 increased about 8% 

each year, putting an end to the stagnation that had characterized the 

previous 5 years. The state planning commissions set targets for energy 

supplies to the productive sectors, and the energy suppliers have attempted 

to meet the targets. 

Two characteristics of the supply system have strongly influenced the 

availability of energy for the nonindustrial sector: one is that the agencies 

responsible for supply are completely separate from the planning commissions, 

where decisions are made on the future of urban household energy, and the 

other is that the agencies controlling supply are also responsible for overseeing 

supplies to productive sectors, which have usually been given priority. 
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If the country is to improve the living standards of its people, it needs to 

have details about nonhousehold and household uses of energy within the 

nonindustrial sector; this was our focus. For the four cities, we aimed to 

construct a picture of total and per-person consumption and details about: 

• Public buildings and municipal services 

- power consumed to supply tap water, treat sewage, operate sewers; 

- power for lighting for government institutes, schools, shops, hospitals, 

public utilities, streets; 

- power for nonindustrial undertakings of culture and education, 

hygiene, sports, scientific research, postal services, and 

telecommunications; 

• Transportation subsector 

- oil products used by buses, taxis, and other municipal vehicles; and 

• Household subsector 

- cooking 

- space heating 

- lighting, and 

- appliances. 

We investigated laws governing energy consumption in urban households, 

incomes of families and how these relate to energy use (by the extended linear 

expenditure system -- ELES -- model), and changes in lifestyle and habits that 

affect energy use. We also investigated consumption by the nonhousehold 

sectors included in the government statistics so that we could compare our 

survey results and extrapolations with actual figures. 

The four cities chosen for detailed investigation were selected because of 

their size, nature, and climate as well as the availability and quality of data. 

In 1984, China had 300 cities, of which 11 housed more than 2 million people; 

11, 1-2 million; 31, 0.5-1 million; 81, 0.2-0.5 million, and 164 (54.6%), fewer 

than 0.2 million. None of the cities we studied had fewer than 0.5 million 

people, the smallest being Xinxiang with 0.53 million and an industrial output 

valued at CNY 1.8 billion (yuan renminbi) in 1984. Beijing, the capital, had 
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a population of 5.76 million in 1984 and a total industrial output valued at 

CNY 28.2 billion, accounting for 4% of the country's total. Wuhan, in the 

middle of China by the Changjiang River and along the Beijing-Canton 

railway, comprised 3.34 million inhabitants and produced an industrial output 

worth CNY 13.8 billion. A major centre of transport, the train station in 

Wuhan registered 65 million travelers and 69 x 106 t of freight in 1984. 

Hangzhou, on the east coast, housed 1.22 million people in 1984 and attracted 

180 000 foreign tourists -- a major source of the city's income being tourism 

from within and abroad. 
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Contents and Methodology 

The data on energy end-use are limited in China, particularly for the 

household subsector. Some surveys are carried out by the state or local 

statistical bureaux, but attention has not been devoted to energy end-use per 

se. Furthermore, because the data are not computerized, the analysis to date 

has been constrained. 

Our investigation, as input to a computerized model for forecasting energy 

use, involved obtaining aggregated data on energy use in the nonindustrial 

sector and then attempting to determine some components contributed by 

nonhousehold and household uses. 

Total and Per-Person Consumption 

To obtain data on the total energy consumption in each city as well as the 

proportion represented by the nonindustrial sector, we consulted the state and 

local planning commissions and state statistical bureaux, who are the sources 

of official information. When they did not have statistics, we turned to energy 

suppliers. 

As the Chinese government supplies and distributes energy-intensive 

materials such as coal, oil, power, iron and steel, and wood, the suppliers 

represent a reliable source of information. We sought aggregated data from 

municipal power companies, public utility bureaux (gas and district heating 

supply), and the China Petroleum and Chemical General Company, a 

ministerial organ set up to streamline oil processing, the petrochemical 

industry and sales of oil products. However, the supply system for coal is 

multichanneled, with no single agency controlling distribution. 
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Consumption by Subsector 

The nonindustrial sector includes nonhousehold and household components, 

and for the purposes of energy demand forecasting, we needed to clarify 

contributing elements for each group. 

Nonhousehold For the nonhousehold component, we sought data on: 

• Stock, space, standards and duration of lighting and heating for public 

buildings; 

• Production capacity of municipal water supplies and power consumption 

by municipal services such as sewage treatment, water supplies; 

• Consumption of fuel by catering and service trades; and 

• Numbers of vehicles, their operation and standards of oil consumption. 

On-site surveys of public places were undertaken, with the high-grade 

hotels and restaurants serving as the standard we used for increases in 

demand for power. Energy suppliers were the source of other data, and for 

standards such as annual power consumption per square metre, we obtained 

figures on total floor space and power consumption by specific public 

buildings. 

Supplementary data used to derive the parameters needed for energy 

demand forecasting include: 

• Engineering design rules, such as the standards of space heating, 

ventilation, and lighting for public buildings, lighting for roadways, 

which are available from design institutes of government and 

universities; 

• Surveys of energy consumption by typical products such as buses and 

trucks, cooking stoves, utensils, electric appliances; 

• Surveys of production sectors for data on efficiency of conversion from 

coal to gas, efficiency of district heating; and 

• Government policies designed to effect changes in the structure of the 

society, economy, etc. such as policies to slow population growth --

16 -- Energy Use in the Nonindustrial Urlxm Sector of China 



advocating one child per family and late marriage -- policies that 

influence demand also in the household subsector. 

Household The sources for data on the household subsector were, again, the 

local and state statistical bureaux and energy suppliers. To fill in details for 

energy forecasting, we obtained data on the numbers of family members in a 

household; the total income for each household and average per person; the 

expenditures on durables and nondurables; the housing type and space; the 

cooking fuel; appliances; and means of transportation. 

Since the 1950s, these data have been collected irregularly by the city 

statistics bureaux, with collection being completely abandoned in the 1960s 

and 1970s but being resumed in the 1980s. These are the official statistics 

that constituted the primary data for our work. The teams of investigators 

annually survey 1200 households in Beijing, 400 in Wuhan, 100 in Hangzhou 

and in Xinxiang, respectively. 

As these investigations did not include all the items we needed, we 

supplemented the data with unofficial surveys of the proportion of lighting in 

power consumption by households, the percentage of family members eating 

at home, the most desired appliances, and opinions about the standards of 

heating and supply. Financed and organized by our research group, the 

objectives and methods were decided informally and could not be published or 

quoted as official statistics. Compared with the official surveys, these one-shot 

or short-term investigations were limited and were seriously constrained by 

the shortage of personnel and funds available for this work. 
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Findings: Consumption and Supply of Nonindustrial 

Energy in Four Cities of China 

Total and Per-Person Consumption 

The total energy consumed annually from 1981 to 1984 increased in all the 

cities, as did the total consumed by the nonindustrial sector (Table 1). 

However, the rise in consumption (8% annually) in Beijing was much larger 

than in the other three cities (about 2% in Wuhan and Xinxiang and 4% in 

Hangzhou). In all four cities, the nonindustrial sector consumed 17- 21 % of 

total energy, but this similarity masks large and growing differences. In 1981 

the nonindustrial sector in Beijing consumed almost 20 times as much energy 

as that in Xinxiang and by 1984, almost 30 times. 

The total amount of energy consumed by the nonindustrial sector in 

Beijing was equivalent to per-person rates of consumption almost twice those 

of the other cities because of its comparatively modern living standards; as the 

capital city, it has, for example, much better than average public utilities, 

restaurants, and hotels (Table 2). 

Similarly, although coal is the major source of energy in all the cities, by 

1984 it represented just under 67% of the energy consumed by the 

nonindustrial sector in Beijing, compared with 76% in Hangzhou, 78% in 

Wuhan, and 85% in Xinxiang. In all the cities, the share of coal being used 

by the nonindustrial sector declined between 1981 and 1984 because of the 

increase in gasification. 

Power consumption by the nonindustrial sector has grown annually 10% 

or more (19% in Beijing) in the four cities, reflecting the indispensable role 

of this secondary energy in people's daily lives. To meet the rapidly growing 

18 -- Energy Use in the Nonindustrial Urban Sector of China 



demand, all the cities have devoted funds and equipment to construction of 

power facilities. 

Table 1. Energy canst.med in total m1d by the nonirdatrial urban sector (households, pU>lic 
buildings, utilities, etc.) in four cities of atina, 1981 m1d 1984.8 

Beijing Wuhan Hangzhou Xinxiang 

1981 1984 1981 1984 1981 1984 1981 1984 

Energy ~tion 
Total (10 tee) 19020.0 21340.0 6820.0 7280.0 2435.0 2756.0 939.0 1076.0 
Urban ~industrial 3556.0 4492.0 1247.0 1312.0 429.0 485.0 171.0 184.0 

(10 tee) 
Per person Ckgce) 681 780 394 390 371 387 352 349 

Urial use by ~rce 
Electricity (10 k\lh) 1100.0 1846.0 432.3 590.0 192.0 279.0 55.8 72.9 

ex sf total) 11.2 13.4 12.5 16.5 16.1 20.4 11. 7 14.1 
Coal (10 t) 3240.0 4020.0 1475.0 1429.0 486.0 512.0 210.0 219.0 

ex of total) 67.4 66.9 84.5 78.4 80.8 75.5 87.6 85.1 
Gas ex of tosala 9.0 7.8 1.3 3.3 1.4 2.1 0.2 

Coal c1g m ) 191.0 210.0 17.0 0.0 0.0 o.o 0.0 
LPG (10 t) 

3 
140.0 152.0 11.3 23.7 4.2 7.2 0.0 0.2 

Natural c106 ~ ) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
District heat (10 tee) 206.9 293.9 0.0 0.0 0.0 0.0 0.0 0.0 

ex of total) 6.0 6.7 0.0 0.0 0.0 0.0 0.0 0.0 
Oil products c103 t)b 155.0 160.0 15.0 20.0 5.1 6.8 0.8 1.0 

ex of total) 6.4 5.2 1. 7 2.2 1.7 2.0 0.7 0.8 

a indicates no dat1 are available; heating values for tee, kWh, m3 are 29.3 x 106 kJ (7 x 
106 kcal>. 10·11 x 10 kJ (2400·2660 kcal>. 16.7 x 103 ~J (4000 kcal); 1 t of coal mined in 
China has a heating value of about 21 x 106 kJ (5 x 10 kcal); 1 t LPG or oil products is 
~ivalent to about 42 x 106 kJ (10 x 106 kcal). 

The data on oil products are solely for cons~tion in public traffic. 

Nonhousehold Subsectors 

For the nonhousehold subsectors, details emerged for power consumed by 

public buildings and municipal services as well as for transportation. 

Power for Public Buildings and Municipal Services The data available from 

the power departments were not disaggregated by use, so we estimated 

consumption by public buildings and utilities from our observations and from 

figures on floor space, lighted roadways, water supplied, and length of sewers 

(Table 2). We estimate that 72% of the power consumed by the nonindustrial 
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sector goes into public buildings, street lamps, and municipal services. For 

Beijing, with its concentration of public buildings and roads, the value is 

probably more like 80%. 

Floor space devoted to dwellings and public buildings is about 67% of total 

floor space in most cities of China; as dwellings equal about 50% of the total 

overall, public buildings account for about 17% of total floor space (Table 2). 

Per-person floor space in public buildings was 3.84, 3.24, 2.85, and 2.20 m2 in 

Beijing, Wuhan, Hangzhou, and Xinxiang, respectively. 

Chinese cities have experienced great growth in building in the 1980s; floor 

space in Beijing has increased about a million square metres annually. The 

corresponding values in Wuhan, Hangzhou, and Xinxiang are 850 000, 

430 000, and 120 000 m2
• Beijing and Hangzhou, with their large influx of 

visitors annually, have built several luxury hotels, which consume annually 

about 200 kWh/m2 each, or 20 times the amount used by other buildings. 

Public utilities in the cities are gradually being upgraded but are not 

comprehensive. In 1984, street lamps averaged about 26/10 000 m2
, although 

Beijing had about 32/10 000 because of more and better roads (Table 2). Each 

lamp consumes about 530 kWh annually so the total amount of power devoted 

to street lighting is comparatively low. 

Similarly, power used to deliver water and to treat sewage is not high 

because the services are not comprehensive (Table 2). Power consumed by the 

production and supply of tap water averages 0.35 kWh/t but varies markedly 

by the source. Beijing and Xinxiang have reservoirs but draw also on 

groundwater so they use more power than the other two cities with surface 

water available. In the last decade Beijing's water table has dropped, rainfall 

has not been sufficient to fill the reservoirs or recharge the soil water, and 

the future water supply is becoming a concern. Although its population is 

almost twice that of Wuhan, it consumes less water because of the shortage. 

On average, only about 2% of sewage is treated in Chinese cities. Beijing 

has the highest rate at 10%, and many cities -- Xinxiang for one -- have no 

facilities for sewage treatment. Mechanical and biological methods of treatment 
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Table 2. Floor space. lighted paved roadways. water ~ly and sanitation in four cities of 
China. 1984. 

Beijing Wuhan Hangzhou Xinxiang 

Floor space (106 m2> 
Total 129.96 64.48 20.50 6.19 
Dwell ings8 65.38 28.26 10. 12 3.72 
Net used by residents 33.65 14.35 5.57 1.62 

Paved roads (106 m2> 21.29 7.48 3.38 1.53 

Tap water c106 t) 427.12 592.90 161.08 44.06 

Sewers (km) 1850 764 349 192 

Value includes space taken by walls, stairs, doorways. corridors. balconies, etc. 

are used, with consumption of power being, respectively, about 0.1 and 0.3 

kWh/t. 

Transportation Subsector China had a total 42 000 buses in 1984, consuming 

about 400 000 t of oil products annually. For every 1000 people, Beijing had 

0. 7 vehicles for public transport; Wuhan and Hangzhou each had 0.5; and 

Xinxiang, 0.2. More than half the population in Beijing travels by public 

means, whereas only about one-seventh of the people in Xinxiang rely on 

public transport. Daily, in Beijing, Wuhan, Hangzhou, and Xinxiang, the 

transport system moves 8.6, 3.57, 1.26 million, and 70 000 person-times 

respectively. 

The efficiency of energy use by the vehicles is low because of the poor 

condition of the roads, heavy congestion during rush hours, and poor design 

of the vehicles (fueled by gasoline, with 100 hp motors, these vehicles carry 

freight of 8 t, moving slowly and undergoing more than 100 shifts in gears for 

every shift by the driver). Road construction in China has been slow, the 

roadways doubling in the past 30 years while the number of vehicles has 

increased 30 times. Two new super highways -- Beijing-Tianjin-Tanggu and 

Guangzhou-Shenchen -- are now open, but the area occupied by roads is about 
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6% in Beijing and 4% in the other three cities studied. These figures compare 

with 35% for New York, 20% for Paris, and 14% for Tokyo, indicating the 

extent of congestion on the roads. 

Also, cyclists crowd the roads in many of the cities, with Beijing registering 

about 4 million bicycles in 1984 -- one bike for every two residents. This is 

not surprising as the public vehicles are overcrowded, with up to 13 

passengers/m2 during rush hours and an average 9/m2• 

Private cars are almost nonexistent in China, so people who do not walk 

or bike to their destinations use motorcycles, buses, or trolleys. Individuals can 

purchase motorcycles, and the numbers who have done so have increased 

geometrically in the past few years. In fact, the related traffic has become so 

congested and accidents so frequent in Beijing, authorities have decided to 

suspend issuing of licences to new owners. 

These stopgap measures underline the need for a comprehensive approach 

to transport within a municipal plan for development of energy and measures 

to improve the lifestyle of inhabitants. 

Household Subsector 

The households surveyed had per-person incomes (or rather monies available 

for living expenses) ranging from less than CNY 20 to more than CNY 60 

monthly (Table 3). Between 1981 and 1984, average incomes increased in all 

the cities between 21 % and 36% (Appendix 1). The household subsectors in 

the four cities had remarkably similar per-person consumption of energy 

(Table 4), indicating that nonhousehold uses -- public buildings and municipal 

services in particular -- accounted for the higher nonindustrial consumption 

of energy in Beijing. Uses of energy in the household subsector are mainly 

cooking, space heating, lighting, and appliances. 

22 -- Energy Use in the Nonindustrial. Urban Sector of China 



Table 3. Monthly inccmes (monies available for living expenses) per person in households 
surveyed in four cities of China, 1981·84 (Salllple size: Beijing 1200; ~ 400; Hangzhou ant 
Xinxi1q1 100 each). 

Per-person income (CNY/month) 
City 

year 20.01- 25.01· 35.01 • 50.01· 
~20.00 25.00 35.00 50.00 60.00 ?_60.01 

Beijing 
1981 7 17 217 635 202 122 
1982 3 11 125 621 249 191 
1983 1 9 81 587 286 236 
1984 3 31 316 334 278 238 

WU!an 
1981 4 14 126 1n 60 19 
1982 2 6 85 203 60 44 
1983 1 5 90 191 n 41 
1984 3 24 184 100 55 34 

Hangzhou 
1981 0 2 21 57 14 6 
1982 0 3 22 56 15 4 
1983 0 2 13 58 15 12 
1984 0 4 28 30 19 19 

Xinxiang 
1981 1 8 44 41 5 1 
1982 0 8 39 44 6 3 
1983 0 1 31 57 10 1 
1984 0 10 60 19 8 3 

Table 4. ArnJal energy consu1ption ~ city dwellers in four cities of China, 1984. 

Beij1ng WU!an Hangzhou Xinxiang 

Coal (kg/person) 92 148 149 212 
LPG (kg/persgn> 18 16 12 2 
Piped gas (m /person) 20 
Power (kWh/person) 28 25 32 18 
Fuel oila <kg/pers~) 7 5 5 1.8 
Total <kgce/person) 125 146 145 164 
Energy expenditure 2.9 3.5 2.9 2.5 

(X of total expenses) 

a Fuel oil expenditure is for public transport. 

b Power cons~tion is converted into standard fuel as 432 gee/kWh. 

Cooking The vast majority -- 80% -- use coal for cooking in cities, although 

in Beijing gas users constitute almost half (48.7%) of households. Cooking 

accounts for 90% of the energy used in households for purposes other than 
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have a monthly ration of 140 catties (1 catty = 0.5 kg) monthly, or 30 catties 

per person; in Beijing 15 kg LPG is expected to last at least 15 days. People 

can purchase extra fuel for a higher price, but the government allocation is 

considered to be enough to meet ordinary needs. 

Availability of fuel not price determines the kinds of fuel that people use, 

with Beijing being the only city where three kinds of fuel are available for 

cooking. When consuming the same amount of useful energy, a piped gas user 

pays the least, and the coal user the most. Prices are generally CNY 0.1/m3 

for piped gas, CNY 0.24/k.g LPG, and CNY 0.02/catty for coal. A rational 

adjustment of the price of piped gas, which is cleaner and more convenient 

than other forms, would help promote gas development. 

Although Beijing is the only city that has the convenience of piped gas, gas 

users in Wuhan and Hangzhou constitute 16% and 17% of residents. Wuhan 

is scheduled to complete the first phase of its gasification project in 1988 

when another 100 000 households will be using gas (26% of households). 

Xinxiang has no nearby source of gas so prospects for decreasing the share of 

coal in its energy supply are not promising, although it provided its 

inhabitants with small quantities of LPG in the past few years. 

Space Heating Beijing residents are allowed to obtain fuel for space heating 

an average 120 days annually, as temperatures vary from a high of 34°C in 

summer to a low of -14°C. Of the other cities, only Xinxiang is considered cold 

enough to warrant space heating -- 93 days on average -- although both 

Wuhan and Hangzhou experience temperatures as low as 1-2°C in winter. 

Government regulations are that homes can be heated for 6 months in the 

northeast and 3 months in central China. Cities along the Changjiang River 

do not qualify for allocations of fuel for space heating despite average 

temperatures of 3°C in January. 

Boilers, usually coal-fired, heat most multistoried dwellings in the four 

cities, and small coal-fed stoves heat the few single-story houses that remain. 

In the latter, the rooms are dirty from the coal-dust residues, carbon monoxide 
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poisoning is a constant risk, and feeding and maintaining the stoves are an 

inconvenience; the only advantage over the heating provided in multistoried 

buildings is that the occupants can easily regulate the temperature and 

duration of heat. In Beijing, about 210 kJ (50 kcal)/m2 is delivered per hour 

in multistoried dwellings. 

Some multistoried buildings receive district heating from thermal power 

plants or factories, while still others benefit from geothermal sources. or the 

cities studied, Beijing is the only one relying to any degree on district heating, 

and at present about 9% of the floor space in its civil buildings use district 

heating. The applications have been slow to develop over the last 20 years. 

Lighting The amount of power consumed to light rooms in living quarters is 

usually several kWh to a few dozen each month. The standard for lighting 

is only 40-60 W for a room 10 m2
, and the average living space for each city 

dweller varies from 5.8 m2 in Beijing, through 4.3 and 4.6 in Wuhan and 

Hangzhou, to 3.11 m2 in Xinxiang. Fluorescent bulbs cost more than 

incandescent ones, but many Chinese prefer the former because they are more 

energy efficient and cheaper over the life of the bulb. The total for lighting 

is currently about one-fourth of the total for households; the absolute number 

of lights is likely to increase in new housing but probably not as fast as new 

appliances. 

Appliances TV ranks first among all app~iances. In 1981, 80% of the residents 

in large cities had obtained televisions, whereas the corresponding value for 

cities the size of Xinxiang or smaller was 57% (Table 5). 

Most families in urban areas in southern China own fans, and many have 

at least two. Air conditioning is still beyond the reach of ordinary families, 

and experts speculate that in the year 2000 only 3% of homes will have air 

conditioning in China. 

Washing machines are fairly new in the country, having been available 

only since the end of the 1970s. They proved popular, and, by 1984, the 
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percentage of urban dwellers who owned washing machines was 40, even in 

small cities. 

Refrigerators cost about a dozen times the average monthly wage in China 

and have only been on the market here since 1980. Nevertheless, by 1984 15% 

of the families in Beijing used refrigerators, and 3.2% of families nationwide. 

By the year 2000, 50% of Chinese households are expected to have 

refrigerators. 

Table 5. Electric appl iin:es per 100 households in four cities of Chirm. 1981 md 1984. 

Beijing YU!an Hangzhou Xinxiang 

Electric 
appliance 1981 1984 1981 1984 1981 1984 1981 1984 

Fan 46.8 n.3 74.2 112.8 106.0 153.0 60.0 105.0 
Washing machine 12.3 42.3 10.4 44.5 4.0 24.0 1.0 43.0 
Refrigerator 1.7 15.3 0.3 1.8 2.0 8.0 o.o o.o 
Radio 21.1 18.7 14.2 18.3 45.0 42.0 13.0 30.0 
Television 

Colour 1. 7 8.0 0.5 1.5 1.0 6.0 o.o 1.0 
Black and white 80.0 86.5 66.3 89.0 67.0 85.0 57.0 76.0 

Recorder 20.0 51.5 10.5 28.8 13.0 29.0 15.0 28.0 
Phonograph 7.0 7.6 2.0 3.0 10.0 13.0 4.0 11.0 

Expenditures The data on income and expenses indicated that in 1984 the 

percentage of living expenses being spent on fuel was less than 3 in all the 

cities except Wuhan (3.5%) (see Appendix 1 for breakdown of living expenses 

for 1981-84 in the four cities). The average amount being spent on fuel 

actually decreased (-3.3%) in Beijing during the study period and increased 

negligibly (0.6%) in Xinxiang (Table 6). Households in Hangzhou, with average 

income increases of 36%, increased their expenditures on fuel by 6.5%, and 

those in Wuhan increased fuel expenditures by 21.9%. 

In contrast, the amount being spent on electricity increased between 22% 

(Xinxiang) and 63% (Hangzhou), with households in the other two cities 

increasing expenditures on electricity by about 40%. In fact, elasticity 

coefficients for expenditures on power vs family incomes were all greater than 
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1. The increases in use of electricity are a reflection of the increase in 

appliances, an increase that is likely to continue until the market has been 

saturated. 

Table 6. O!MgeS in expenditures on fuel cmpared with inccme in four cities of Oiirm between 
1981 ..t 1984. 

Change CX> 

Income 
Fuel expenses 
Power expenses 

Beijing 

34.9 
·3.3 
40.0 

\luhan 

25.8 
21.9 
36.0 

Hangzhou 

36.3 
6.5 

63.0 

Xinxiang 

21. 7 
0.6 

22.0 

City planners recognize the huge growth in demand and are attempting to 

expand power facilities as quickly as possible. At the same time, they are 

expanding gasification and are faced with conflicting priorities between the 

industrial and nonindustrial sectors. As a tool in developing a comprehensive 

municipal plan, the urban household energy demand model (UEM) has 

promise. We developed the model, using mainly technoeconomic analysis 

supported by metro economics where data were sufficiently complete. 
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Analysis: Modeling and Projections 

The model is based on the premise that urban energy demand is closely 

related to the natural resources and finances of the state, the development of 

the national economy and the social, cultural, and physical environment. As 

a base for forecasting, we postulated a series of scenarios on the expansion of 

the urban population, the growth of income of city dwellers, gasification and 

electrification, changes in traffic and transport, exploration and production of 

energy resources, and state policies and plans. The scenarios are revised and 

refined as conditions change, and we have put in place mechanisms to 

maintain the models, incorporating feedback. 

A group of behaviours of consumers are fed into the model as energy 

elements so that the output is the sum of consumption based on the patterns 

of behaviour. Urban nonindustrial energy is divided into the four major 

sources: coal, electricity, gas, and oil products; each source is subdivided into 

its household uses (cooking, space heating, transport, lighting, motive power), 

which are subdivided and, where appropriate, ranked according to efficiency 

(e.g., the most efficient means of space heating is district heating, followed by 

boilers, followed by small stoves) (Fig. 1). This structure for UEM enabled us 

to work out a suitable mathematical formula (Appendix 2). 

The aggregation of data on electricity forced us to include electric heating 

and cooking in the total household energy element rather than separating 

them. Similarly, because of difficulty in disaggregating data on power 

consumption by trolleys (reported as part of the power departments' item on 

nonindustrial motive power), we did not include trolleys as part of our energy 

element on urban traffic. Also, we decided not to include space heating as an 

option for oil products because the government has enacted several policies 

meant to deter this use. Oil-operated boilers have been converted to coal 
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burners, and coal is expected to be the main fuel for boilers until at least 

2000. 

With the model, we compiled or customized a computer program in Chinese 

characters; the aim was to enable simple operation of the model with: 

• Input of data at a terminal and direct viewing on a monitor; 

• Revising of data and use of different scenarios for energy demand; 

• Displaying and printing results of forecasts and related parameters such 

as annual growth of energy demand and the composition of household 

energy; and 

• Plotting curves and charting results for display. 

Preliminary Forecasting: Energy Demand in the Medium and Long Term 

The results we have had from using the program are preliminary in that we 

expect government decision-makers and planners to refine and revise the data 

based on their views and priorities. Nevertheless, the assumptions we made 

in building scenarios deserve mention, as do specific values we used in the 

reference scenario for Beijing. 

The orientation and effects of policies were given due consideration, and 

we made assumptions that reflected some basic beliefs on how government 

should proceed. To pursue an equitable improvement in the people's living 

conditions and standards, the government should: 

• Strengthen the infrastructure for production and delivery of electricity 

to households, aiming to ensure rather than reduce the energy supply, 

particularly for lighting; 

• Encourage manufacture, purchase, and use of appliances that consume 

little energy compared with the improvements they make in the quality 

of life -- black-and-white televisions, wringer washers, fans, recorders, 

irons, single-purpose refrigerators, rice cookers, and electric blankets, 

for example -- at the same time planning for development of 

multipurpose refrigerators, colour televisions, hot water heaters, and, 
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• 

• 

• 

• 

• 

for limited applications, air conditioners, etc. 

Rationalize the price of electricity for household use, which at twice the 

price of industrial use is too high and may discourage adequate 

lighting; 

Develop urban gas step by step for household cooking then for public 

facilities, using natural gas, LPG, coke gas, and mine gas and pooling 

funds to ensure key cities are environmentally protected first and then 

smaller cities; 

Rationalize the price of gas for households, increasing it to reflect the 

quality; 

Increase district heating by drawing on thermal plants and industrial 

facilities, transforming medium and small power plants into 

cogeneration plants, and building district boiler rooms; 

Reorganize the management system for district heating and pooling 

funds and equipment for district heating into a unified central agency; 

• Improve the supply system for household coal to ensure conservation 

as the demand for coal in households is expected to be about 160 x 

108 t by the year 2000; 

• Supply anthracite and processed coal rather than raw coal for direct 

burning as a step toward reducing air pollution; 

• Construct airtight buildings in future, as about one-fifth of the energy 

is being wasted in current facilities; 

• Encourage use of insulation and solar power; 

• Develop public transport, which is economically efficient because of the 

high utilization, full loads, and low specific energy consumption; 

• Expand the fleet and tracks of electric buses and trolleys for medium 

and small cities; 

• Plan transport networks and road construction to speed up travel such 

that most commuters spend no longer than an hour en route to work 

in big cities and no longer than a half hour in medium and small cities. 
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These steps would complement the government's long-term plan for 

national and socioeconomic development, which was set in 1982 for the years 

1981-2000. The objectives of the plan included quadrupling the value of its 

total annual output in industry and agriculture (from CNY 710 billion in 1980 

to CNY 2800 billion in 2000) and doubling people's income (an annual 

increase of 3.5%). We have used these objectives in our forecasting. 

Also, our assumptions are that the urban population will reach 250 million 

in 20 years, an addition annually of 5 million; that urban housing and public 

buildings will increase about 100 x 108 m2 annually; that the paved roads will 

increase from 2.2 m2/person to 5 m2/person by 2000; that energy consumption 

will increase twofold; that city dwellers will move to the use of gas for cooking 

(from the current 20%, through 40% in 1990, to 100% in 2000 for major 

cities); and that district heating will be responsible for 20% of space heating 

in the northern cities -- a substantial increase from the 5% now. 

Table 7. Par-ters in reference scenario used to forecast m-.t for household energy in 
Beijing. 1990 m1d 2000. 

Item 

Population (millions) 
National incane (CNY billion)ab 
Per·person incane (CNY/month) 
Floor space for housing a~ civil use (106 m2> 
Per-person floor space (m ) 
Per·hour space heating (kJ/m2> 
Time for space heating (days/year) 
Share for district heat (%) 
Gas users (% of total household use) 
Per-person sta~ard for cooking, hot water (kJ/day) 
Paved roads (m /person) 
Buses 
Taxis 
Other vehicles 
Heat efficiency (%) 

District heating 
Boilers 
Small coal stoves for cooking 
Gas stoves for cooking 

Gasoline for buses (l/100 km) 
Gasoline for taxis (l/100 km) 

1990 

6.1 
25.0 
n.5 

110.0 
7 

230 
135 
35 
90 

4520 
4.5 

4000 
15000 

100000 

90 
50 
22 
55 
30 
9 

2000 

6.9 
54.0 

126.0 
137.0 

9 
251 
150 
65 
97 

5023 
6 

5500 
22000 

200000 

91 
52 
24 
60 
30 
9 

a National incane is the value of output from material production sectors. 
b Per-person incane is the money available, on a per-person basis, to cover daily expenditures. 
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From these basic assumptions, we have forecast energy demand in Beijing 

for 1990 and 2000, deriving parameters (Table 7) and three scenarios 

representing the reference, low, and high limits of demand (Table 8). We 

incorporated allowance for changes brought about by economic, social, and 

political reform and improvements in technology. We also consulted the 

municipal authorities and experts. 

Table 8. Scenarios (low, reference, and high) for inclatrial uria'I demand for energy in 
Beijing. 1990 and 2000. 

1990 2000 
Low Reference High Low Reference High 

lonirdat§ial energy demand 
Total (10 tee) 7998 8560 9058 11378 12192 13027 
Growth r~te ~X/year)a 7.5 8.8 9.8 3.6 3.6 
Coal (10 t) 9151 9784 10324 12150 12858 

Share of total3CX) 81.7 81.6 81.4 76.3 75.3 
Space heat ~10 tee) 3965 4272 4511 4966 5314 
Cooking (10 ~) 1062 1119 1176 1370 1426 

Elect3icity (10 kWh)c 2.8 3.0 3.2 5.8 6.6 
(10 tee) d 908 987 1069 1798 2046 

Coal ga~ (1~9 m3) 1.6 1.7 1.7 2.4 2.5 
LPG (10 t) 170 170 170 220 220 
Oil fgr transit (103 t) 217 239 260 412 454 

(10 tee) 311 342 372 589 649 

End-use (I of total energy) 
Space heating 49.5 49.9 49.8 43.6 43.6 
Cooking 35.2 34.6 34.3 35.4 34.5 
Lighting, appliances 11.4 11.5 11.8 15.8 16.8 
Public transit 3.9 4.0 4.1 5.2 5.3 

a Growth rate is the average al'Yll.lally from 1984 to 1990 and 1990 to 2000. 
b The value for coal includes the raw material used in making coal gas. 

3.7 
13583 

74.4 
5675 
1482 

7.4 
2300 

2.6 
220 
497 
710 

43.6 
33.3 
17.7 
5.4 

c Conversion to standard equivalent fuel: 1 tee = 0.714 t of coal; 330 gee = 
1 kWh in 1990; 310 gee in 2000; the value for electricity refers solely to lighting and 
gonindustrial motive force (appliances). 

The value for coal gas is the energy for cook;ng only. 

Our findings were that household energy consumption in Beijing will equal 

12.2 x 106 tee in the year 2000, almost four times the amount (3.25 x 106 tee) 

in 1980. Annual growth of demand for household energy between 1984 and 

1990 will be 11.6%, compared with 3.6% between 1990 and 2000. One reason 

for the difference is the expected increase in floor space, which will be higher 

in the first 6 years (3.5 x 106 m2 compared with 2.7 x 106 m2
); another reason 
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is the greater use of district heating forecast for the year 2000. According to 

the government's long-term plan, total energy consumption in Beijing will 

reach 38 x 106 tee in 2000, double the amount in 1980. The share of the total 

that was devoted to household uses (including public facilities) in 1980 was 

17% but, according to the forecast by our model, will be 32% in 2000. 

The average per-person annual consumption of energy will rise from 770 

kgce in 1984 to 1650-1890 kgce in 2000. Power consumption, growing faster 

yet, will increase to 345 kWh/person, a 12-fold increase. Likewise, the 

composition of energy will change markedly. 

In 1981, coal made up 67% of energy consumed in Beijing; in 1990 the 

corresponding value is expected to be 59% and in 2000, 52% (not including the 

coal used in gas making). By the end of the century, half the energy will be 

provided by secondary sources; with 97% of the residents using gas for 

cooking and for heating water so that only 80 x 104 t of coal will be needed. 

(In 1984, 2.3 x 106 t of coal was burned directly; this represents 30% of the 

total. In 2000, 16% of coal will still be burned directly.) Gasification, 

electrification, and popularization of district heating in the next decade should 

result in reduced air pollution and, hence, and improved environment for all 

Beijing's residents. 

Space heating is the largest end use for energy in Beijing, but it will 

require a smaller portion of the total by 2000, with the introduction of wide 

use of district heating. At the same time, the percentage of energy devoted to 

lighting, appliances, and public transit will greatly increase. 
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Policy Analysis and Recommendations 

Many factors affect energy consumption in Chinese cities; several policies are 

vital not only to the future energy demand but also to the present conditions. 

In our opinion, two key categories are policies on energy pricing, including 

subsidization, and policies on population. We have based our forecast on 

current policies, while we believe major changes are warranted and would be 

accompanied by greatly different energy demands. 

Pricing and Subsidization of Urban Household Energy 

The existing policies on urban household energy originated during much 

different conditions: when the country's economy was in shambles. The 

protracted war establishing the People's Republic had left the nation 

impoverished. To guarantee a basic standard of living to all, the state began 

rationing grain, edible oil, cotton, energy, meat, vegetables, and some 

manufactured goods such as soap, providing them at low prices and absorbing 

the extra costs. Most urban residents lived in public houses, paying a 

state-subsidized rent. 

The economy developed and people,s living conditions improved. The 

subsidies no longer had the effect of bringing justice to an unjust distribution; 

they began to hamper development, subjecting the state to an increasingly 

heavy financial burden. 

In the 1970s, China entered a new stage of reform, opening its doors to 

the outside world, lifting the rationing of items such as cotton, and loosening 

controls on, for example, grain and oil, and allowing the producers to market 

goods in excess of rationed amounts. 

Coal, petroleum products, and electricity remained tightly controlled, 
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although unrationed coal began to show up on the market recently. The prices 

for rationed energy are often lower than production costs and have been kept 

constant for years, the losses to producers being covered by the state. Thus 

the government has been directly subsidizing users and producers of energy. 

It has also been picking up the tab indirectly through losses in revenue. This 

system remains largely unchanged. 

Forms of Subsidy The principal subsidies are to cover the costs of energy for 

cooking and space heating, primarily coal but also gas (coal gas, natural gas, 

and LPG). The government gives direct subsidies to state personnel: all 

workers in areas north of the Yellow River are entitled to CNY 10-50 monthly 

during the heating season, which is determined by the climate where they 

work. An allowance for heating water for bathing is several CNY a month, 

varying by area and by nature of the person's work. The government also 

gives direct subsidies to productive or marketing units to maintain a stable 

price, which is often lower than the cost of production. 

The indirect subsidies to productive departments may be in the form of 

reduced profits and taxes for the government from the sale of energy products; 

they may be in the form of losses in energy produced for the nonindustrial 

sector; or they may be in the form of wastes brought about by inefficient 

production of items that can be sold at a high price. For example, LPG is one 

product of many being produced by petroleum refineries; if a potential 

producer must sell LPG at one-fifth its market price and one-half its 

production cost but can sell other products at their market price, the incentive 

is to produce little LPG compared with the other products. 

An mustration In one of the cities we surveyed, about a million tonnes of 

processed coal in the form of honeycomb briquets are sold annually, mainly 

to residents. The selling price of a briquet is about CNY 30/t, just over 50% 

of the production cost, including marketing. This means the government pays 

a subsidy of more than CNY 25/t -- about CNY 20 million annually. The 
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government subsidizes coal mines and rail departments in many ways, 

absorbing an ever-increasing debt as the costs of production and transport 

have risen: 

• Coal mines 

- coal price differential; 

- readjusted coal price in 1985 (for different regions and varieties) 

- capital for simple reproduction in coal mines; 

- expense for local coal mine service; 

- added price for overtargeted coal; 

- added price for coal produced by small mines; 

- readjusted price for coal produced by small mines; 

• Transport departments 

- readjusted transport fee in 1982 

- readjusted short-distance transport fee in 1985; 

- readjusted price for railway switches; 

- readjusted price for short-distance railway transport in coal-mining 

districts; 

- readjusted price for railway loading; 

- cost for ex-plan railway wagons. 

If the policy for the supply of urban household energy continues and the 

sales price of coal remains stable, the items being subsidized will continue to 

increase. This pattern holds true for all types of energy except electricity 

because the price, set in the early 1950s, was high originally as electricity was 

considered a luxury. 

Electricity For urban households, the price has remained high and is twice 

the price for industry, three to five times the cost of power generation. The 

only adjustment was in 1965 when the price of power for lighting was reduced 

by 8% and that for industrial consumption by 12-15%. An increase in use by 

the household sector has been viewed traditionally as a waste; however, 

electricity is an essential component of improved living standards for China's 
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population. Because of increasing demand for electricity throughout the 

economy, no change is likely in the foreseeable future, although the high price 

limits modernization of households and stymies development of an industry 

to produce appliances. 

Effects The results of pricing controls and subsidization can be categorized 

as: the growing costs to the state and decreases in the construction of 

facilities for the production and supply of household energy, which depend 

entirely on government allocations. Hidden elements exacerbating these two 

results are: 

• Increasing urban populations; 

• Rising prices for commodities set by non-energy departments; 

• Lack of profits for upgrading production. 

The state must rethink its policies if it is going to stimulate industry and 

boost the supply of quality energy. Our survey indicates that a move to 

rationalize pricing would not bring with it great hardship, as at present, fuel 

represents only about 3% of urban household expenses and incomes in urban 

areas have increased rapidly. 

Government could introduce some transitional measures to ensure that the 

departments supplying energy to urban households can preserve their capital 

and profit enough to maintain and expand their services. Later, the prices 

could be regulated by the market so promising varieties of energy could be 

pursued and developed. 

We suggest that the government: 

• Set a limit to rationing of low-priced household energy and allow sale 

of the added supplies at higher prices; 

• Gradually adjust prices of energy upward to cover costs of production; 

• Reappraise its standards on pricing and rationing, adopting more 

scientific methods for determining quality, quantity, and duration of 

consumption; and 
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• Transform its covert subsidies (to production and management units) 

into overt subsidies (to residents) to encourage development of quality 

energy. 

These steps have been taken in some cities and have brought about an 

improvement in the supply of gas and heat, which in turn has stimulated 

construction of additional facilities for production and supply. The rationing 

of coal and the restrictions on space heating have blocked the expansion of 

demand among existing urban households, but the demand and the state's 

burden of subsidies is growing along with the population of cities. 

Urban Populations 

The migration of people into the cities from the country is typical of 

developing countries trying to modernize, and China is no exception. 

Urbanization is under way, and the state has adopted a series of measures to 

control the process, including: 

• Stipulations that no person from rural areas can move into the city 

without valid reasons; 

• Adoption of a rigorous policy of family planning, advocating one- child 

families, the result of which has been a drop in the natural rate of 

growth of the population to 1 % or lower; 

• Formulation of a network with the metropolis as the nucleus 

surrounded by satellite towns that are under the administration of the 

city (Table 9); and 

• Transfer of agricultural labour to new endeavours launched in rural 

areas to provide employment opportunities (at present more than a 

million crop growers are out of work). 

These actions checked the growth of cities until the early 1980s -- only 

30% of the increase in urban population was attributable to migration from 

the countryside -- but they caused stagnation. Many rural dwellers needed 
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Table 9. Administrative divisions of four cities in Chirm in 1984. 

City City proper Sib.lrbs CCU1ties 

Beijing 4 6 9 
Wuhan 6 3 4 
Hangzhou 6 0 7 
Xfnxiang 3 1 2 

employment while productive industries in the cities operated short-handed 

and services that support economic prosperity simply were not available. 

The government responded by relaxing its controls, allowing farmers to 

settle in small cities and to work in larger cities and permitting some flow of 

personnel between cities across the country. 

As soon as the controls were relaxed, the population numbers in large 

cities experienced a big jump. In Beijing, for example, the rate of growth was 

2.25% between 1981 and 1982 but 5.2% between 1983 and 1984. Smaller 

cities, like the other three in our study, started averaging about 2% increases 

annually. 

The most striking change was in the mobile working population, including 

people who do not possess permanent census registration as prescribed by the 

administrative system. In Beijing, Wuhan, and Hangzhou, the mobile 

population was surveyed in 1985 and was calculated to be 880 000, 500 000, 

and 300 000, respectively. These masses of visitors and migrant workers are 

equivalent to 16.3%, 18.4%, and 7.4% of the permanent populations of these 

cities. People who make temporary stops in cities constitute about 10% of the 

population in most cities, an additional survey showed. These figures indicate 

that city planners must expect consumption of energy to increase to serve the 

transient population. Service trades, including catering, accommodation, and 

transport, will register increased volumes of business. In fact, our household 

survey suggested that Beijing's service trades have been responsible for the 

increase in consumption of energy by the household sector. Coal consumption 

is an example. In 1980, services used 3.27 x 106 t and in 1984 4.47 x 105 t. 

The growth in energy consumption between 1980 and 1981 was 5.8% and 
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between 1983 and 1984, 10.9%. Clearly, the influx of people has contributed 

to the burst of growth in urban economies, and cities must be able to provide 

transit, food, communications, lodging, medical care, and recreation for the 

visitors -- all at the cost of energy. 
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Postscript 

We believe our model will prove useful to city and national planners. It has 

been adopted by the urban household energy subdepartment of the 

nonmaterial production department and is being used for projections for the 

medium and long term. In 1986, the State Scientific and Technology 

Commission sponsored an appraisal of the medium- and long-term state energy 

model, including our research results. A group of experts on energy and 

systems engineering worked with planners and managers to evaluate the 

model and found that our effort met international standards, incorporating the 

conditions specific to China. 

In a report, entitled Chinese Energy in 2000, specialists in various fields 

forecast energy demand and used UEM. Also, some government departments 

drew on the computer software to make their long-term plans. 

To popularize the model further, we have offered a short-term course on 

energy planning and management for decision-makers. In the first half of 

1986, for instance, we sponsored a 4-week training course in which 30 officials 

and staff from the central government and 16 provincial and municipal 

departments took part. The feedback from the trainees enabled us to introduce 

some modifications to the model. Another training course was offered in 1987, 

and we look forward to continuing. 

In September 1988, funding was provided by IDRC to enable development 

and testing of a 2-week course on planning and policy formulation with the 

model. The course, which is to be at the Beijing Energy Training Centre, will 

be offered initially to 20 urban energy planners and ultimately, we hope, to 

500 planners. 

The research on urban household energy began with typical investigations 

and analysis of energy consumption. In the end we had employed advanced 
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electronic methods of modeling and forecasting in the calculations of demand, 

providing the results to policymakers and planners. We believe it has 

contributed to the government's efforts to put in place means of democratic 

and scientific decision-making. 
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Appendix 1. Living Expenses of Urban Households 

The results of surveys by the statistical bureau in China were used in the 

development of UEM; they documented trends and enabled analysis of the 

four cities studied. They have been tabulated for ease in reference. The 

households surveyed in Beijing, Wuhan, Hangzhou, and Xinxiang, respectively, 

numbered 1200, 400, 100, and 100 annually. 

Table 1A. Monthly living expenses of workers in Beijing, 1981-84. 

Average Per-person income (CNY/month) 
of all 

Year/item households 20.01- 25.01- 35.01· 50.01-

~20.00 25.00 35.00 50.00 60.00 ~60.01 

1981 
Total expenses 42.63 19.88 23.84 31.92 41.58 53.21 65.14 
Conmodi ti es 38.n 18.25 21.36 28. 71 37.62 48.46 59.92 

Food 24.59 13.65 15.34 19.40 24.17 29.84 34.99 
Clothing 6.47 2.22 2.82 4.26 6.24 8.94 10.59 
Other 6.74 1. 79 2.40 4.24 6.39 8.78 13.22 

durables 3.87 0.50 0.84 2.01 3.63 5.11 8.97 
Fuel 0.91 0.59 0.80 0.82 0.90 1.06 1.12 

Coal 0.51 0.45 0.53 0.45 0.49 0.61 0.58 
LPG 0.33 0.09 0.21 0.28 0.34 0.36 0.40 
Piped gas 0.07 0.05 0.04 0.08 0.07 0.08 0.11 

Nonconmodities 3.91 1.63 2.48 3.20 3.87 4.59 5.22 
Water a 0.41 0.20 0.28 0.38 0.39 0.49 0.55 
House rent 0.68 0.34 0.43 0.60 0.65 o.n 0.96 
Other 2.82 1.09 i.n 2.22 2.83 3.33 3.71 

1982 
Total expenses 44.57 18.17 23.78 31.03 41.31 51.78 62.79 
Conmodi ti es 40.50 16.73 21.40 27.89 37.39 47.39 57.52 

Food 26.46 12.02 15.78 19.19 24.74 30.43 36.06 
Clothing 6.30 2.59 2.70 3.95 5.63 7.63 9.68 
Other 6.86 1.36 2.38 3.95 6.17 8.38 10.74 

durables 2.64 0.00 0.35 1.20 2.27 3.61 4.33 
Fuel 0.88 0.76 0.54 0.80 0.85 0.95 1.04 

Coal 0.46 0.62 0.32 0.43 0.44 0.51 0.46 
LPG 0.33 0.10 0.11 0.32 0.32 0.35 0.42 
Piped gas 0.08 0.04 0.11 0.04 0.07 0.07 0.14 

Nonconmodities 4.06 1.44 2.38 3.15 3.92 4.39 5.27 
Water 0.18 0.11 0.17 0.16 0.16 0.17 0.25 
Electricity 0.28 0.07 0.18 0.23 0.26 0.30 0.40 
House rent 0.76 0.44 0.56 0.71 0.69 o.n 1.07 
Other 2.84 0.82 1.47 2.05 2.81 3.15 3.55 
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Table 1A continued. 

Average Per-person income CCNY/month) 
of all 

Year/item households 20.01- 25.01- 35.01- 50.01-

~20.00 25.00 35.00 50.00 60.00 ~60.01 

1983 
Total expenses 47.84 24.21 31.04 42.69 52.92 66.54 
Conmodi ti es 43.47 22.34 27.89 38.58 48.05 61.22 

Food 28.14 15.73 19.34 25.61 30.76 37.53 
Clothing 6.90 2.64 4.16 6.15 7.78 9.69 
Other 7.54 3.08 3.56 5.95 8.65 13.04 

durables 4.31 1.51 1.34 2.99 5.15 8.65 
Fuel 0.88 0.89 0.82 0.86 0.86 0.96 

Coal 0.44 0.64 0.47 0.44 0.42 0.43 
LPG 0.35 0.14 0.28 0.34 0.35 0.41 
Piped gas 0.08 0.11 0.06 0.07 0.09 0.12 

Nonconmodities 4.37 1.87 3.15 4.12 4.87 5.32 
Water 0.18 0.17 0.16 0.16 0.17 0.23 
Electricity 0.31 0.26 0.23 0.27 0.32 0.45 
House rent 0.81 0.46 0.62 0.73 0.86 1.12 
Other 3.08 0.98 2.15 2.96 3.52 3.52 

1984 
Total expenses 55.56 20.84 32.58 44.10 53.71 61.55 76.07 
Conmodi ti es 50.69 19.51 29.38 39.89 48.79 56.31 70.17 

Food 31.59 16.41 20.49 26.12 31.06 34.18 41.17 
Clothing 8.50 1.58 4.23 6.47 8.10 9.88 11.88 
Other 9.72 0.72 3.82 6.43 8.79 11.39 16.13 

durables 6.12 1.35 3.40 5.31 7.57 11.29 
Fuel 0.88 0.79 0.84 0.87 0.84 0.86 0.99 

Coal 0.41 0.58 0.58 0.43 0.37 0.39 0.42 
LPG 0.36 0.02 0.18 0.35 0.38 0.34 0.43 
Piped gas 0.10 0.19 0.07 0.08 0.08 0.12 0.12 

Nonconmodities 4.87 1.32 3.19 4.21 4.92 5.24 5.90 
Water 0.19 0.16 0.16 0.17 0.19 0.19 0.23 
Electricity 0.38 0.20 0.26 0.30 0.39 0.38 0.54 
House rent 0.86 0.47 0.61 0.73 0.84 0.91 1.10 
Other 3.35 0.49 2.16 3.02 3.50 3.76 4.03 

a Includes electricity. 
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Table 2A. Monthly living expenses of workers in ~. 1981-84. 

Average Per·person income (CNY/month) 
of all 

Year/item households 20.01· 25.01· 35.01· 50.01· 

<20.00 25.00 35.00 50.00 60.00 >60.01 

1981 
Total expenses 38.37 17.86 22.74 30.91 40.73 52.93 63.59 
Conmodit i es 35.44 16.49 20.62 28.04 37.18 49.03 59.27 

Food 21.70 12.67 14.39 17.56 22.78 28.33 35.65 
Clothing 4.86 1.68 2.72 3.37 5.29 7.63 7.41 
Other 8.15 1.58 2.87 6.43 8.39 12.25 15.10 

durables 
Fuel 0.73 0.56 0.64 0.68 0.72 0.82 1.11 

Coal 0.60 0.53 0.55 0.56 0.59 0.61 0.92 
LPG 0.09 0.03 0.02 0.08 0.09 0.18 0.11 
Piped gas 

Nonconmodities 3.29 1.37 2.12 2.87 3.54 3.90 4.32 
Water8 0.49 0.29 0.35 0.42 0.51 0.59 0. 71 
House rent 0.63 0.10 0.40 0.52 0.67 0.77 1.10 
Other 2.17 0.98 1.37 1.93 2.36 2.54 2.51 

1982 
Total expenses 40.15 16.17 21.50 29.43 39.45 50.62 61.25 
Conmodities 36.65 14.66 19.56 26.83 35.96 46.21 56.27 

Food 23.53 12.79 13.68 17.95 23.06 29.22 34.55 
Clothing 5.40 0.84 2.69 3.67 5.30 7.00 8.91 
Other 6.97 0.65 2.53 4.59 6.86 9.08 11.91 

durables 
Fuel 0.75 0.38 0.66 0.62 0.74 0.91 0.90 

Coal 0.56 0.32 0.60 0.50 0.54 0.66 0.65 
LPG 0.16 0.06 0.03 0.11 0.16 0.20 0.21 
Piped gas 

Nonconmodities 3.50 1.51 1.94 2.60 3.49 4.41 4.98 
Water8 0.53 0.53 0.37 0.42 0.52 0.67 0. 71 
House rent 0.72 0.14 0.34 0.57 0.70 0.85 1.15 
Other 2.25 0.84 1.23 1.61 2.27 2.89 3.12 

1983 
Total expenses 41.98 21.14 22.92 30.75 40.99 52.24 63.67 
Conmodities 38.30 19.82 20.80 27.91 37.32 48.18 57.83 

Food 25.97 14.21 14.81 19.89 24.77 32.60 37.28 
Clothing 5.27 3.45 2.12 3.81 8.24 6.56 8.79 
Other 6.43 1.50 3.15 3.53 3.54 8.04 10.68 

durables 
Fuel 0.81 0.66 0.72 0.68 0.77 0.98 1.08 

Coal 0.55 0.45 0.49 0.45 0.54 0.63 0.68 
LPG 0.24 0.19 0.20 0.20 0.21 0.30 0.40 
Piped gas 

Nonconmodities 3.68 1.32 2.12 2.84 3.67 4.06 5.84 
Water8 0.60 0.51 0.38 0.49 0.58 0.72 0.85 
House rent 0.81 0.26 0.57 0.82 0.95 1.30 
Other 2.27 0.81 1.48 1.78 2.27 2.39 3.69 

continued 
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Table 2A continued. 

Average Per-person income (CNY/month) 
of all 

Year/item households 20.01- 25.01- 35.01- 50.01-

~20.00 25.00 35.00 50.00 60.00 >60.01 

19114 
Total expenses 45.87 22.16 31.07 39.64 50.30 58.67 67.71 
Comnod i t i es 42.18 20.30 28.75 36.33 46.27 54.53 61.82 

Food 27.52 14.67 20.20 24.45 29.59 33.63 39.29 
Clothing 7.23 3.22 4.43 5.96 8.29 9.95 10.52 
Other 5.09 1.04 2.64 3.90 5.99 7.73 8.32 

ciJrables 
Fuel 0.89 0.74 0.81 0.84 0.89 1.04 1.10 

Coal 0.48 0.35 0.50 0.46 0.47 0.52 0.55 
LPG 0.40 0.39 0.30 0.37 0.40 0.50 0.53 
Piped gas 

Noncomnodities 3.69 1.86 2.32 3.31 4.03 4.14 5.89 
Water 0.23 0.12 0.22 0.22 0.23 0.26 0.29 
Electricity 0.45 0.21 0.36 0.41 0.48 0.54 0.63 
House rent 0.83 0.28 0.39 0.74 0.88 1.00 1.50 
Other 2.18 1.25 1.35 1.94 2.44 2.34 3.47 

8 Includes electricity. 
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Table 3A. Monthly living expenses of workers in llalgzhou, 1981-84. 

Average Per-person income CCNY/month) 
of all 

Year/item households 20.01- 25.01- 35.01· 50.01· 

~20.00 25.00 35.00 50.00 60.00 ~60.01 

1981 
Total expenses 43.05 25.69 33.25 43.21 53.36 57.47 
COlllllOd i t i es 39.84 22.28 30.24 40.03 49.80 53.86 

Food 24.17 13.85 19.63 24.21 29.n 30.23 
Clothing 5.92 1.58 3.80 6.01 7.40 10.53 
Other 8.98 5.98 6.10 9.06 11.81 12.16 

durables 4.60 3.17 3.18 4.55 6.53 5.95 
Fuel o.n 0.87 0.71 0.75 0.87 0.94 

Coal 0.62 0.86 0.52 0.60 0.68 o. 71 
LPG 0.13 0.01 0.19 0.08 0.17 0.19 
Piped gas 0.00 0.00 0.00 0.00 0.00 0.00 

Noncannodities 3.21 3.41 2.91 3.18 3.56 3.61 
Water8 0.39 0.42 0.32 0.39 0.49 0.38 

·House rent 0.68 0.73 o.n 0.62 0.86 0.52 
Other 2.14 2.26 1.82 2.17 2.21 2.71 

1982 
Total expenses 42.82 22.93 35.80 41.84 56. 70 58.15 
COlllllOd it i es 39.14 19.53 32.16 38.53 51.88 53.07 

Food 25.25 13.47 21.41 24.96 32.99 30.23 
Clothing 6.01 2.92 7.83 5.02 6.91 8.68 
Other 7 .15 2.96 2.23 7.84 11.18 15.34 

durables 3.68 1 • 11 2.84 3.27 6.13 6.67 
Fuel 0.73 0.18 0.69 0.71 0.80 0.83 

Coal 0.55 0.11 0.49 0.60 0.52 0.69 
LPG 0.16 0.05 0.21 0.12 0.26 0.11 
Piped gas 0.00 0.00 0.00 0.00 0.00 o.oo 

Noncannodities 3.68 3.40 3.64 3.31 4.82 5.08 
Water8 0.48 0.31 0.43 0.46 0.60 0.63 
House rent 0.85 0.62 0.81 0.73 1.28 1.30 
Other 2.45 2.47 2.40 2.12 2.94 3.15 

1983 
Total expenses 43. 12 22.93 31.69 41.00 49.27 61.41 
COlllllOd it i es 39.40 21.04 28.46 37.58 45.27 55.n 

Food 26.46 15.95 20.83 25.51 30.58 33.n 
Clothing 6.02 3.08 3.68 5.79 7.18 8.69 
Other 6.16 1.58 3.19 5.55 6.65 12.46 

durables 2.63 0.07 0.78 2.26 2.75 6.66 
Fuel 0.76 0.43 0.76 0. 73 0.86 0.85 

Coal 0.52 0.43 0.60 0.52 0.42 0.55 
LPG 0.22 0.00 0.14 0.19 0.41 0.29 
Piped gas 0.00 0.00 0.00 0.00 0.00 0.00 

Noncannodities 3.n 1.89 3.23 3.42 4.00 5.64 
Water8 0.55 0.30 0.45 0.51 0.66 0.76 
House rent 0.88 0.41 0.83 o.n 1.00 1.40 
Other 2.29 1.18 1.95 2.14 2.34 3.48 

continued 
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Table 3A continued. 

Average Per-person income CCNY/month) 
of all 

Year/item households 20.01- 25.01- 35.01- 50.01-

~20.00 25.00 35.00 50.00 60.00 >60.01 

1984 
Total expenses 51.34 28.58 43.41 50.61 54.19 66.12 
Conmodi ti es 47.25 26.19 39.53 46.47 50.19 61.33 

Food 29.43 17.34 26.13 29.38 30.51 35.84 
Clothing 7.97 4.83 6.26 8.15 7.63 11.21 
Other 9.03 3.34 6.36 8.09 11.27 13.40 

durables 3.84 1.01 1.76 3.33 5.37 6.77 
Fuel 0.82 0.68 0.78 0.85 0.78 0.88 

Coal 0.55 0.45 0.53 0.68 0.48 0.44 
LPG 0.25 0.18 0.23 0.13 0.29 0.42 
Piped gas 0.00 o.oo 0.00 0.00 0.00 0.00 

Nonconmodities 4.09 2.39 3.88 4.14 4.00 4.79 
Water 0.18 0.17 0.17 0.18 0.18 0.22 
Electricity 0.44 0.23 0.40 0.42 0.42 0.60 
House rent 0.95 0.64 0.81 0.96 0.86 1.30 
Other 2.52 1.35 2.50 2.58 2.54 2.67 

8 Includes electricity. 
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Table 4A. Monthly living expenses of workers in Xinxim111. 1981-84. 

Average Per·person income (CNY/month) 
of all 

Year/item households 20.01· 25.01· 35.01· 50.01· 

~20.00 25.00 35.00 50.00 60.00 ~60.01 

1981 
Total expenses 35.62 25.86 25.15 30.28 42.27 49.88 76.27 
Conmodi ti es 33.03 19.95 22.11 28.07 39.62 45.50 75.10 

Food 18.91 11.26 14.13 17.23 21.78 24.17 20.64 
Clothing 5.65 3.94 3.30 4.94 6.27 11.86 10.75 
Other 7.75 4.12 4.02 5.25 10.80 8.37 42.59 

durables 
Fuel 0.72 0.63 0.66 0.65 o.n 1.10 1.12 

Coal 0. 71 0.63 0.66 0.64 o.n 1.07 1.12 
LPG 0.01 0.00 0.00 0.01 0.00 0.03 0.00 
Piped gas 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Nonconmodities 2.59 5.91 3.04 2.21 2.65 4.38 4.18 
Water a 0.26 0.27 0.22 0.28 0.26 0.20 0.29 
House rent 0.40 0.18 0.21 0.35 0.45 0.96 1.04 
Other 1.93 5.46 2.61 1.58 1.94 3.22 2.85 

1982 
Total expenses 35.31 25.82 31.45 37.32 54.55 60.80 
Conmod i t i es 32.51 23.53 28.n 34.54 50.30 57.84 

Food 18.89 14.55 16.39 20.26 28.71 32.50 
Clothing 5.46 3.17 4.87 5.86 9.06 9.57 
Other 7.46 5.24 6.84 7.67 11.50 14.98 

durables 
Fuel 0.70 0.57 0.62 o. 75 1.03 0.79 

Coal 0.69 0.57 0.61 0.74 0.99 0.79 
LPG 0.01 0.00 0.01 0.01 0.00 0.00 
Piped gas 0.00 0.00 0.00 0.00 0.00 0.00 

Nonconmodities 2.81 2.29 2.73 2.78 4.25 2.96 
Water a 0.36 0.36 0.31 0.38 0.52 0.39 
House rent 0.39 0.19 0.34 0.45 0.59 0.33 
Other 2.06 1.74 2.08 1.95 3.14 2.24 

1983 
Total expenses 36.44 24.31 29.94 38.30 45.13 57.76 
Conmodi ti es 33.74 22.30 27.51 35.59 41.70 54.06 

Food 19.85 17.07 17.43 20.30 25.05 30.15 
Clothing 5.95 2.68 4.16 6.68 7.32 9.48 
Other 7.26 1.95 5.34 7.90 8.50 13.53 

durables 3.07 0.47 2.56 3.19 4.32 2.59 
Fuel 0.68 0.60 0.58 0. 71 0.83 0.90 

Coal 0.67 0.60 0.58 0.70 0.80 0.90 
LPG 0.01 0.00 0.00 0.01 0.03 0.00 
Piped gas 0.00 0.00 0.00 0.00 0.00 0.00 

Nonconmodities 2.70 2.01 2.43 2.71 3.43 3.70 
Water a 0.34 0.36 0.30 0.36 0.32 0.26 
House rent 0.44 0.27 0.37 0.44 0.58 0.96 
Other 1.92 1.38 1. 76 1.91 2.53 2.48 

continued 
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Table 4A continued. 

Average Per-person income (CNY/month) 
of all 

Year/ite11 households 20.01- 25.01- 35.01- 50.01-

~20.00 25.00 35.00 50.00 60.00 ~60.01 

1984 
Total expenses 41.61 31.08 39.01 51.80 51.40 56.06 
COlllllOdities 38.64 28.62 36.14 48.36 48.02 52.66 

Food 22.54 17.44 21.27 26.86 28.37 30.79 
Clothing 7.37 4.90 6.75 9.62 10.09 10.83 
Other 8.00 5.68 7.40 11.10 8.56 10.44 

durables 3.45 2.39 3.42 3.23 5.13 5.64 
Fuel 0.73 0.60 0.72 0.78 1.00 0.60 

Coal 0.68 0.60 0.67 0.70 0.89 0.42 
LPG 0.05 0.00 0.05 0.08 0.11 0.18 
Piped gas 0.00 0.00 0.00 0.00 0.00 0.00 

NoncOlllllOdities 2.97 2.46 2.87 3.44 3.38 3.40 
Water 0.09 0.07 0.09 0.07 0.06 0.10 
Electricity 0.33 0.25 0.34 0.36 0.40 0.24 
House rent 0.49 0.32 0.46 0.57 0.60 1.05 
Other 2.06 1.82 1.98 2.44 2.32 2.01 

a Includes electricity. 

52 - Energy Use in the Nonindustrial Urban. Sector of China 



Appendix 2. Urban Household Energy Demand 

Forecasting Model 

The calculations in UEM incorporate energy elements, and in most cases we 

adopted technoeconomic analysis to forecast demand. Where data were 

relatively comprehensive, we adopted other methods of analysis. The 

mathematical expression of UEM was: 

Basic Energy Elements 

• Space heating 

- District heating 

DH = 0.048"C11·l/n1·WL·WT·(WS0 + n-WS) 

- Scattered boiler 

BH = 0.048·a2·l/n2·WL·WT·(WS0 + n·WS) 

- Small stove 

SH = 0.048·a3·1/n3·WL·WT·(WS0 + n·WS) 

and a 1 + a 2 + a 3 = 1 

where DH, BH, SH are the demand for coal in district heating, scattered 

boiler, and small stove respectively in the planning year (10' t/year); a 11 a2, 

a 3 are the percentages of floor space heated by district heating, scattered 

boiler, and small stove respectively in the planning year(%); n 11 ~' n3 are the 

energy conversion efficiency of district heating, scattered boiler, and small 

stove respectively in the planning year (%); WS0 is the total floor space 

requiring heat in urban households and public buildings in the base year (108 

m2
); WS is the average floor space added between the base year and the 

planning year (108 m2
); WL is the space heating level in the planning year 
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(kcal/m2 hourly); wr is the average duration of space heating in the planning 

year (days/year); and n is the years between the base and planning years. 

• Lighting and nonindustrial motive force 

- Household 

We used the consumption function to predict electricity demand; the 

function neglects price of electricity, this element remaining constant for the 

past three decades in China. 

EE= cd' 

where EE is the average monthly expenditure for electricity in households 

during the planning year (CNY/person); I is the average monthly income of 

the urban inhabitants in the planning year (CNY/person); and a , E are 

parameters (the latter being the income elasticity of electricity consumption 

and can be estimated by means of the ELES model, expressed as: 

N 

Vi = Piri + Bi (I - I: Pl) i = 1, ... N 

j=l 

where Vi is the monthly expenditure on good i (CNY/person); Pi is the price 

of good i; ri is the subsistence level of good i; Bi is the marginal budget share 

of good i (%); and N is the number of goods. 

After E is determined, a is estimated by regression analysis. Then 

HE = 12·EE/P;PU0(1 + a)n 

where HE is the electricity demand of the household in the planning year (108 

kWh/year); P. is the price of electricity in the planning year (CNY/kWh); PU0 

is the urban population in the base year (lOS persons); and a is the average 

yearly growth rate of the urban population between the base and planning 

years (%). 

- Public lighting 

-- Building lights 

54 -- Energy Use in the Nonindustrial Urban Sector of China 



CE = EA[(WS0 + n·WS) - SP·PU0 (1 + a)n] 

-- Street lights 

RE = O.OOOlEL·LRRP·PUo (1 + O')n 

where CE, RE are the electricity demand for the lighting of public buildings 

and streets respectively in the planning year (108 kWh/year); EA is the yearly 

electricity consumption level for public buildings in the planning year 

(kWh/m2
); SP is the per-person living space in the planning year (m2/person); 

EL is the average yearly electricity consumption by a street lamp in the 

planning year (kWh/lamp); LR is the average number of lamps per unit of 

road area in the planning year (lamp/104 m2
); and RP is the per-person area 

of paved road in the planning year (m2
). 

- Public utilities (electricity to provide water and sanitation) 

UE = [e·PU0 (1 + a rWP0(l +p)nl[EW + ED-~ 0 (1 + '7 )n] 

where UE is the electricity demand to provide water and sanitation in the 

planning year <.108 kWh)/year); WP0 is the per-person water consumption in 

the base year (t/person); EW is the electricity consumption in supplying water 

in the planning year (kWh/t); ED is the electricity consumption for sewage 

disposal and drainage in the planning year (kWh/t); .r' , TJ are the average 

yearly growth rate for per-person consumption of water and the ratio of 

sewage disposal to water consumption respectively from the base to the 

planning year (%); ;>..o is the ratio of sewage disposal and drainage to water 

consumption in the base year (%); and 0 is the ratio of population using 

running water to total urban population in the planning year (%). 

- Nonindustrial motive force 

Nonindustrial motive force includes a number of different end uses, so 

regression analysis was used to calculate this energy element; the whole 

consumption level was selected as an independent variable. 

NE = Bo + a1·CS 

CS = CMRMo (1 + <t>r[SCR +NGR (1-SCR)] 
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where NE is the demand for electricity to be used as nonindustrial motive 

force in the planning year (108 kWh/year); Mo is national income in the base 

year {108 CNY/year); CMR is consumption rate in terms of national income in 

the planning year (%); SCR is the proportion of consumption attributable to 

public consumption in the planning year (%); NGR is the ratio of 

noncommodity expenditures to total living expenses for workers in cities in 

the planning year (%); <I> is the average annual increase in national income 

between the base year and the planning year(%); and ao, a1 are the regression 

coefficients. 

• Cooking 

- Household (including fuel for hot water) 

HFC = 0.73·1/(A) ·PU0 (1 + a)n.(1 - 1; )·EF 

HFP = 0.365-1/e ·PU0 (1 + a)n.1¥·EF·LG1 

HFG = 0.091·1/e ·PU0 (1 + a)n.f·EF·GGl 

HF = 0.714·HFC + 0.521·1/'c ·PU0 (1 + a)n.1V·EF 

- Communal 

CFC= HFC·l/FHRFCR 

CF = 0.714·CFC-1/u0 

CFG = 0.175-CF· (1 - u.)-GG2 

CFP = 0. 7·CF·(l - u.)·LG2 

- Catering and service trades 

RFC = HFC-1/FHRRCR 

RF = 0.714·RFC-1/u, 

RFG = 0.175-RF· (1 - u.)-GG3 

RFP = 0.7·RF·(l - u.)-LG3 

where HFC, CFC, RFC are the demand for coal to cook in urban households, 

communes, catering, and service trades, respectively, in the planning year (104 

t/year); HF, CF, RF are the demand for energy to cook in urban households, 

communes, catering and service trades, respectively, in the planning year (104 

tee/year); HFG, CFG, RFG are the demand for coal gas to cook in urban 
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households, communes, cateringand service trades respectively in the 

planning year (108 m3/year); HFP, CFP, RFP are the demand for LPG to cook 

in urban households, communes, catering and service trades respectively in the 

planning year (104 t/year); GGl, GG2, GG3 are the share of coal gas in total 

city gas consumed by urban households, communes, catering and service trades 

in the planning year(%); LGl, LG2, LG3 are the share of LPG in total city 

gas consumed by urban households, communes, catering and service trades in 

the planning year(%); EF is the daily level of energy consumption for cooking 

in urban households in the planning year (kcal/person); FHR is the proportion 

of coal consumed by household cooking in relation to the total coal consumed 

in the planning year (%); u
0 

is the rate of coal consumption in total energy 

consumed by communal cooking in the planning year (%); u. is the rate of 

coal consumption in total energy consumed by cooking in the catering and 

service trades in the planning year; w , t: are the efficiency of small coal 

stove and gas stoves respectively in the planning year(%); and 1V is the ratio 

of population using city gas to the total urban population in the planning 

year(%). 

• City traffic 

- Bus 

BT = 0.00292· \ ·BN·BRPB 

- Taxi 

TT= 0.00292· ~ ·TN·TRPT 

- Other public vehicles 

ST = 0.00292-SNSRPS 

where BT, TT, ST are the demand for oil products for use in buses, taxis, and 

other public vehicles respectively in the planning year (104 t/year); BN, TN, 

SN are the number of buses, taxis, and other public vehicles respectively in 

the planning year; BR, TR, SR are the average running distance for each bus, 

taxi, and other public vehicle respectively in the planning year (km/day); PB, 

PT, PS are the oil products consumption of bus, taxi, and other public vehicles 
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respectively in the planning year (L/102 km); and ' , j are the percentage of 

buses and taxis in good working condition respectively in the planning year 

(%). 

Urban Household Energy Demand Forecasting 

• Total energy consumption 

NUE = 0.714·(DH + BH +SH)+ CER(HE +CE+ RE+ UE +NE) 

+ HF + CF + RF + 1.429·(BT + TT + ST) 

where NUE is the energy consumed in the nonindustrial urban sector in the 

planning year (104 tee/year); and CER is the standard coal consumption in 

power generation in the planning year (gee/kWh). 

• Total energy consumed according to source 

- Coal (excluding that used in power generation) 

NUC = DH + BH + SH + HFC + CFC + RFC + 8·(HFG + CFG + 

RFG)·l/GCR 

where NUC is demand for coal in the nonindustrial sector in the planning 

year (104 t/year); and GCR is the efficiency of gas converted from coal in the 

planning year (%). 

- Electricity 

NUP=HE+CE+RE+UE+NE 

where NUP is demand for electricity in the nonindustrial sector in the 

planning year (108 kWh/year). 

- Oil products for use in cooking, public transport 

NUL = HFP + CFP + RFP + BT + TT + ST 

where NUL is demand for oil products in the nonindustrial sector in the 

planning year (104 t/year). 
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