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ABSTRACT: With the improvement of living standard and rapid urbanization process, the energy consumption from 

residential sector in China is being well aware. Many local governments have set the mitigation goals for energy 

consumption and greenhouse gas emission in their 12th 5-year Plans. However, most of those targets are estimated 

subjectively, without logical and accurate modelling analysis. Moreover, the estimation process seldom takes into account 

the effects from technological progress and human behaviour changes, hence cannot provide a scientific guide for future 

emission control. To propose a more effective residential energy end-use model that can be used at city level in China, 

this paper critically reviews and compares six bottom-up residential energy models being used world-wide (two are being 

used in China). 12 indicators are used for comparison to cover the main characteristics of a successful residential 

bottom-up model, and it is concluded that three main shortcomings exist in the current energy end-use models in China: 

lacks of building type classifications, building stock information and human behaviour analysis. As a conclusion, a 

modified model features frame is proposed. 
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INTRODUCTION 

China has experienced a rapid economic growth in past 

two decades, with the average GDP growth rate of 

approximately 10% since 1979 to 2010 [1], which 

promoted the living standard of urban residents keep 

improving. Rising income levels and more affordable 

appliances and consumer electronics have led to greater 

use of heating units, air conditioners, and electrical 

appliances in China [2]. Meanwhile, the urbanization rate 

of China was rising sharply, from 23.7% in 1985 to 49.7% 

in 2010 [1]. Hundreds of millions of people migrated 

from rural area to cities in last 25 years. Mckinsey and 

Company forecasted that the total urban residential floor 

space will almost triple to reach 42 billion m
2
 by 2030 

[2]. More residents and more appliances means more 

energy need. Great pressure of energy use and 

greenhouse gas (GHG) emission caused by residential 

sector has become a great challenge to Chinese cities. 

 

 In order to deal with this situation, many local 

governments have set the energy and GHG reduction 

targets for residential sector in their 12
th

 5-year Plans. 

However, being lack of comprehensive forecasting 

models, the reduction targets are generally made based 

on empirical estimation, which lack logical and accurate 

arguments. 

 

 Energy model technique is a tool that helps policy 

makers to estimates the effectiveness of related policies 

and to identify the most cost-effective options to achieve 

the given energy and carbon reduction targets. Broadly, 

there are two approaches for energy forecasting models, 

namely top-down and bottom-up. The advantage of the 

bottom-up end-use model is that it can reflect the impact 

of various technology options. Internationally, there are 

few examples of residential bottom-up end-use models at 

city-level, such as the City-level Energy End-use Model 

(CEEM) for Osaka city in Japan [3].  In the case of China, 

there is no existing bottom-up model focusing on city-

level, but the two well known models, the Residential 

Sector End-use Model (RSEM) [4] and the China 

Building Energy Consumption Model (CBEM) [5], were 

designed to forecast the nation-wide GHG emission. 

 

 Comparing with other modelling examples world-

wide, the above-mentioned Chinese models have some 

obvious weaknesses, such as lack of building types 

consideration. This paper briefly describes the technique 

of modelling approaches, and critically reviewed six 

selected models, two being used in China and four from 

other countries. By assessing and comparing with several 

key indicators, a frame of the features for a proposed 

bottom-up end-use model is developed. 
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Table 1: Positive and negative attributes of the three major residential energy modelling approaches [6] 

 

 
 

 

MODEL TECHNIQUES 

In recent year, various models have been developed to 

analyze different strategies that aim to achieve the long-

term energy reduction and greenhouse gas emission 

goals. Techniques used to model residential energy 

consumption can be broadly grouped into two categories: 

“top-down” and “bottom-up”. Top-down models utilize 

the estimate of total residential sector energy 

consumption and other pertinent variables to attribute the 

energy consumption to characteristics of the entire 

housing sector. They work at an aggregated level and 

typically aim to express the inter-relationship between 

the energy sector and the economy at large [6]. In 

contrast, bottom-up models calculate the energy 

consumption of individual or groups of houses and then 

extrapolate these results to represent the regional or 

national total energy consumption. They work at a 

disaggregated level and are helpful in revealing how 

various individual components impact on energy and 

greenhouse gas emission reduction [6]. 

 

 The top-down approach treats the residential sector as 

an integrated whole and does not distinguish energy 

consumption due to individual end-uses. Variables are 

commonly used by top-down models which include 

macroeconomic indicators, such as GDP and 

employment rates, climatic conditions, housing 

construction and demolition rates, appliance ownership 

and number of units in residential sector. The strength of 

top-down models is that the aggregate data used are 

widely available. However, this type of models has no 

inherent capability to model the discontinuous advances 

in technology [6]. Furthermore, the lack of details 

regarding energy consumption of individual end-uses 

eliminates its capability of identifying the effectiveness 

and significance of technological options.  

 

 

 Bottom-up models generally calculate the energy 

consumption of individual end-uses, individual houses, 

or groups of houses, and use these samples to extrapolate 

the total energy consumption of the region or nation 

basing on the weight of each model samples [6].  

Common input data for bottom-up models include 

dwelling properties such as built form, insulation, floor 

area, appliances, climate conditions, as well as 

demographic information and occupancy behaviour. The 

advantage of bottom-up approach is that it can be used to 

model technological options and address the effect of 

occupant behaviour. The main disadvantage is that it 

requires extensive databases of empirical data to support 

the description of each component [6], which is 

sometimes hard to be obtained and the calculation can be 

much more complex. Often these models are seen as a 

way to identify the most cost-effective options to achieve 

given carbon reduction targets based on the best available 

technologies and processes [7]. Bottom-up models can be 

further divided into two types: statistical approach and 

engineering approach [6]. Statistical methods rely on 

historical information and types of regression analysis, to 

attribute dwelling energy consumption to particular end-

uses. Engineering methods explicitly account the energy 

consumption of individual end-uses based on power 

ratings and use of equipment, or heat transfer and 

thermodynamic relationships.  

 

 The main attributes of the three major residential 

energy modelling approaches, the top-down, bottom-up 

statistical and bottom-up engineering, are shown in Table 

1. Each approach meets a specific need for energy 

modelling which corresponds to its strongest attribute. 

The bottom-up engineering techniques are used to 

explicitly calculate energy consumption of end-uses 

based on detailed descriptions of a representative set of 

houses, and these techniques have the capability of 

determining the impact of new technologies [6]. 
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Since Bottom-up engineering model can reflect 

technological options, this approach has the potential to 

be used to assess the impact of specific greenhouse gas 

reduction measures on the overall energy demand, which 

can be used for design medium to long-term energy 

supply strategy. In Europe, bottom-up engineering 

models are seen as useful tools to provide for 

policymakers with estimates for the effectiveness of 

policies and can help to indentify technological measures 

that end-use efficiencies [7]. Consequently, in order to 

provide a tool for city-level government to forecast 

greenhouse gas emission and analyse the mitigation 

potential of new technologies applied in China’s 

residential sector, this paper focuses on bottom-up 

engineering technique, and intends to propose a frame of 

features of this model that can be applied to Chinese 

cities. 

 

 

SUMMARY OF SELECTED MODELS 

In order to develop a residential bottom-up engineering 

model taking into account China’s unique conditions, this 

paper selects some bottom-up engineering models used 

internationally, and compares them with the existing 

models being used in China. By reviewing these models, 

the features of a successful bottom-up engineering model 

will be discussed and the limitations of Chinese existing 

models will be identified. It is expected that the proposed 

model in this paper will integrate the international 

experience and overcome the drawbacks in Chinese 

models. 

 

 The selected models include two being used in China 

and four in other countries. The two Chinese models 

referred are the China Building Energy Consumption 

Model (CBEM) and the Residential Sector End-use 

Model (RSEM). Models being used in other countries 

include the City-level Energy End-use Model (CEEM) 

from Japan, the United Kingdom Domestic Carbon 

Model (UKDCM) from UK, the Energy Efficient 

Strategies Model (EES) from Australia and the Canadian 

Residential Energy End-use Model (CREEM) from 

Canada. It is noticed that only the CEEM is focusing on 

city level and the others are at national or state level. 

However, since limited bottom-up models are developed 

at city level, models at state or national level are hereby 

used as reference to analyse the features of this type of 

model. A summary of these selected models is provided 

in Table 2. 

 

 

 CBEM [5] was developed by Tsinghua University 

Building Energy Research Centre. The model considers 

the influences from climate, economy, technology and 

living style on building energy use. The model can be 

structured into four layers: the macro classification of 

building; the building classification in various climate 

zones; the classification in end-users; and the energy use 

intensity. The household energy use intensity is further 

divided into three levels, from high, medium to low, 

based on different living styles. By calculating the 

individual end-use energy consumption in four climate 

zones, the total energy use in residential sector is finally 

estimated. This model is validated by Chinese historical 

statistic data.   

 

 
Table 2: Summary of selected models 

 
 

 

 Zhou et al. [4] have made efforts on the development 

of RSEM, which relies on a bottom-up analysis of the 

detailed characterization of China’s energy demand.  The 

end-use structure of this model includes end-use 

categories and technologies associated with different 

levels of efficiency. Driver variables are also considered 

and included in the model such as GDP, population, 

household size and urbanization rate.  

 

 CEEM [3] was prepared for Osaka in Japan. It groups 

all households into 19 categories and divides the 

buildings into 20 types. Five building insulation levels 

are also considered. Energy consumption is calculated for 

each group by sub-models such as appliance energy use 

model, hot water supply model, and heating and cooling 

model. The total energy estimate can be extrapolated by 

summing the energy consumption for each group. 

 

 United Kingdom Domestic Carbon Model (UKDCM) 

[8] is developed as part of the 40% House project in UK. 

The aim of the UKDCM is to provide the analytical 

capacity for forecasting energy use and carbon emissions 

from the UK housing stock in the future. The UKDCM 

has a very comprehensive consideration to UK housing 

stock, including building refurbishments, demolitions, 

new construction, installation of new technology, as well 

as  changing population, changing household size, and 

future variability in the UK climate. The UKDCM takes 

into account all the sources of heat gain and loss in 

dwelling stock, and the energy services and conversion 

technologies as well. Moreover, a set of dwelling types 

were defined in terms of age class, region, built form, 

tenure, construction type, number of floors. By 2050, the 

housing stock model in UKDCM comprises over 20,000 
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dwelling types, with each type given a weighting to 

reflect the total energy use of the stock in any given 

scenarios. 

 

 EES [9] uses a very wide range of data sources and 

provides estimates at a state level for all major energy 

sources in Australia. In total, approximately 60 different 

end-uses and fuel combinations are modelled separately. 

Data is synthesised by means of an end-use model to 

estimate the energy consumption from 1986 to 2020 

under a base-case scenario. This model takes into account 

the average technical characteristics of both new 

appliances and buildings entering the stock and old ones 

leaving the stock, to provide a stock weighted average for 

each year during the modelling period. 

 

 CREEM [10] aims to study and analyze the 

characteristics of the residential energy end-use in 

Canada. It evaluates the impacts of various energy 

efficiency measures and their associated carbon dioxide 

emissions. In this model, dwellings in Canada are 

classified into five major types based on building forms. 

Energy consumption is modelled from four major end-

use categories: space heating, water heating, appliances 

and lighting, and space cooling. 

 

 

COMPARATIVE ANALYSIS 

Table 3 provides a summary of the comparative analysis 

between the above-mentioned six models. It reviews the 

models with 12 indicators, which are data output, 

embedded calculation model, climatic consideration, 

demographic information, levels of disaggregation, 

construction and demolition, building stock information, 

appliance ownership, occupants behaviour, sub-models, 

validation with existing data and scenarios. These 

indicators embody the main features of a bottom-up 

engineering model used in residential sector. It is 

expected that through the comparative analysis, 

limitations of existing Chinese models will be identified 

and further improvements can be made in the proposed 

model. 

 

 Most of the selected models use annual energy 

consumption as data outputs, and UKDCM uses monthly 

data. The outputs of UKDCM, EES and CREEM can be 

transferred into GHG emissions, while the two Chinese 

models do not consider GHG in their final outcomes. 

Three models use calculation software instead of 

calculation equation to figure the detailed emissions, 

which makes the final outcome more accurate. RSEM 

adopts the Long-Range Energy Alternatives Planning 

(LEAP) to calculate and analyse the scenarios for China. 

 Climate has great impact on the energy use in 

residential buildings, especially for space heating and air 

conditioning. Therefore climatic conditions have been 

considered in most of the selected models, where the 

research regions are classified into several climate zones. 

CEEM looks into more details in climatic conditions and 

monitors and records the season data every 15 minutes. 

This method will definitely result in more accurate final 

outputs, however it could be labour-intensive and time-

consuming. In the case of China, five major climate 

zones are widely perceived as defined in the nation-

issued standard, namely severe cold, cold, hot summer 

and cold winter, mild, and hot summer and warm winter. 

CBEM has considered four of the defined climate zones 

in its analysis and RSEM has taken three of them.  

 

 Generally speaking, demographic information used in 

residential energy models takes into account the 

population growth, household size, household categories, 

and sometime urbanization rate. This information has a 

greater impact on the residential energy use in 

developing countries, since population growth and 

increasing household number contribute to most energy 

use growth in these areas. Five of the six selected models 

have included demographic information in their 

calculation. 

 

 In order to achieve a more accurate result respecting 

the region’s unique characteristics, most bottom-up 

models classify their research targets into several clusters. 

These clusters are different from country to country and 

from city to city, and can be normally grouped by 

household types, building types, households’ age, floor 

area, regions, end-users or fuel. It is noticeable that the 

two Chinese models do not have such disaggregation 

process. 

 

 Similar to demography, the construction and 

demolition rate is also a critical indicator for residential 

energy use which is more evident in developing 

countries. As population grows in cities, more 

constructions have been undertaken to meet the demand 

for dwelling. Moreover, with the improvement of living 

standard and the change of life style, the average capita 

living area increases, which means more energy is 

required, particularly for space heating and air 

conditioning. Four models including the two Chinese 

ones have involved the changes of floor area. 
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Table 3: Comparative analysis of selected bottom-up engineering models 

 
 

 

 Residential energy performance is associated with its 

building forms. Different building forms, such as 

insulation level, number of storeys, storey height, front 

window area, solar radiation or floor types, can 

significantly impact on the building energy use, 

especially for heating, air conditioning and lighting. Most 

of the international models being reviewed have 

considered the building stock information. For example, 

UKDCM collects very detailed building information 

including internal surface areas, storey height, elemental 

fabric heat loss rates, occupancy, incidental heat gains 

from occupants, solar radiation and lights and appliances. 

However, both of the Chinese models have not included 

this information in their calculation process. 

 

 Appliance ownership rate is a critical indicator for 

residential energy use. Four of the six selected models, 

including the two Chinese ones, have used the appliance 

ownership as the core indices in estimating the end-use 

energy consumption. EES collects more detailed 

information such as the number of each appliance type 

per household over time, key characteristics of new 

appliances entering the market each year, and the average 

appliance life span and associated retirements.  

 Occupant’s behaviour differs depending on culture, 

education background and household income, and 

contributes to different energy performance in buildings. 

Generally speaking, people in developed areas with 

higher household income own more appliances and care 

less on energy bills, therefore consume more energy. The 

ways to reflect the impacts of human behaviour on 

energy use are different in these selected models. For 

example, CEEM monitors and records each family’s 

schedule for 500 days, EES uses the data on usage 

patterns and other aspects of user behaviour, and CBEM 

adopts a more feasible method in China which assumes 

the percentages of people with different energy need – 

high, middle and low energy behaviour occupy accounts 

for 5%, 75% and 20% respectively. 

 

 

DISCUSSION 

From the above comparative analysis, obvious limitations 

of the existing Chinese models can be identifies: (1) lack 

of considerations of building types; (2) lack of building 

stock information, such as insulation, building age, floor 

area etc; (3) limited consideration of occupant behaviour. 

CBEM categories occupant behaviour into three levels 
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and roughly provides a fixed percentage to each group, 

while RSEM does not even include such indicator. 

 

 Data source is another important factor that 

contributes to the development of the bottom-up model. 

Detailed data enables sophisticated approaches and more 

accurate modelling result. However, related data in 

residential sector are limited or inaccessible in China. 

There is still no official national-level residential energy 

use survey undertaken. Only few residential 

investigations [11 ]were conducted to support researches, 

which cannot reflect the whole picture of energy use in 

Chinese cities due to limited samples. The lack of 

information of buildings stock is a major barrier for 

designing the model. Moreover, city-level statistical 

systems were not in same caliber regarding residential 

buildings between cities of China. For example, Shanghai 

is the only city that considered building types in its 

statistical data, other mega-cities, such as Beijing and 

Guangzhou, do not distinguish them in the yearbook. 

This brought difficulties in developing a common model 

that can be applied in different cities of China. 

 

 Based on the above analysis, this paper proposes a 

new frame of features for city-level bottom-up 

engineering model, which is showed in table 4. These 

features don’t consider the embedded calculation model 

due to the lack of comprehensive building energy 

simulation model in China. The features integrate the 

effective indicators of the selected international models 

and overcome the limitations in existing Chinese models. 

By including the features, a bottom-up engineering 

model can be further developed to better adapt to China’s 

context. 

 
Table 4: Proposed features of Chinese city-level bottom-up 

engineering model 

 
 

 

CONCLUSION 

By introducing modeling techniques and critically 

reviewing six bottom-up engineering models with 12 

indicators, this paper identified the features of a 

successful bottom-up engineering model and the 

limitations of the two Chinese models. A framework of 

new features is proposed covering significant indicators 

for residential energy use in Chinese urban development 

context, which can better reflect the characteristics of 

Chinese residential sector.  This feature frame is expected 

to guide future studies on developing a bottom-up 

engineering model, and provide a common base for 

comprehensive residential energy surveys in different 

cities of China.  
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