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Low Carbon Urban Form Study in Beijing
1．BACKGROUND

In the past 20 to 30 years Beijing has taken dramatic transformations in society, economy, as well as in urban scale and form. The present urban form is influenced by urban plans, planning regulations, stakeholder activities and original special structure of the city. It is widely accepted that the urban form has certain linkage with energy consumption and carbon emission of transportation and buildings. In the next 20 years, Beijing is still facing the challenge of rapid urban growth. However in dealing with global warming and energy limitation, Beijing has to make efforts in promoting a low carbon urban form.
The energy consumption and carbon emissions relating to buildings and transportation account for about 60% of total in Beijing. The emission reduction measures mainly include reducing energy demand, promoting public transportation, improving the building energy efficiency standards, optimizing the energy supply system, changing the energy usage habits of stakeholders, as well as promoting the low carbon urban form. Among these measures, urban form is essential because it has a “lock effect” on energy consumption and is very hard to change in the future. Furthermore good urban form is also helpful in making a more livable and adaptive city.

Low carbon urban form generally possess the following characteristics:

(a)  Urban structure adaptive to overall natural conditions and resources;

(b)  Compact built-up area with high densities of buildings and residents;

(c)  Dense and interconnected network of streets of different functions;

(d)  Main amenities, such as schools, parks and transits, accessible by walking or cycling;

(e)  Neighborhoods with mixed uses at street-block level;

(f)  Streets which are places for people and promote walking or cycling;

(g)  Small street-blocks with diversified physical characteristics; and

(h)  Buildings designed to optimize sun exposure, natural ventilation and local climate conditions.
2. OBJECTIVES

The main objective of the study under these TOR is to find out the low carbon urban form relating to building and transportation energy consumption, and to propose planning strategies in guiding a low carbon urban form in urban development practice. 

The sub-objectives are to

(1)  quantify a common set of morphology indicators for Beijing, focusing on the impact of urban form on energy consumption;

(2)  analyze the building and transportation energy consumption of different urban form cases, and identify key factors of urban form that have great contribution in energy conservation and carbon emission reduction;

(3)  propose suggestions on planning strategies as well as standards or regulations, in order to guide a low carbon urban form in the future.

3．SCOPE OF WORK
The main activities to be undertaken include the following:

(1)  Estimation of the urban morphology indicators of Beijing, which are defined in Table 1
;

(2)  Analysis of the impact of urban forms on energy consumption relating to building usage and transportation;

(3)  Review and analysis of the linkages between the analyzed urban forms and local urban planning standards, regulations and practices; 

(4)  Propose suggestions on a low carbon oriented planning guidance.
Table 1: LOCAL City Indicators and Definitions

	Indicator
	Definition
	Desirable outcomes

	City

	1. Human density
	Average number of inhabitants plus jobs per ha in the core. Evolution of the density while the distance to the center increases
	Compact

	2. Average travel distances by transport mode
	Average distance travelled by trip by transport mode (walking, bicycle, public transport and car)
	Connected

	3. Street linear density
	Cumulated street length divided by the total area
	Connected

	Neighborhood

	4. Number of intersections per ha
	Number of intersections of the street network divided by the neighborhood area
	Connected and walkable

	5. Proximity of schools
	Percentage of people living less than 500 m from a school
	Accessible and walkable

	6. Proximity of public transport stops
	Perc. of people living less than 500 m from a public transport stop
	Accessible and connected

	7. Gross urban density
	Ratio of total floor area by neighborhood area, incl. infrastructures
	Compact

	Street-Block

	8. Block size and average distance between intersections
	Width and length of the block calculated on the block perimeter and at the median axis of the street
	Walkable, adaptive



	9. Mixed-use
	Simpson’s index based on the share of shops, housing and offices floor area
	Mixed-Use

	10. Floor area ratio
	Ratio of the total floor area divided by the block area
	Compact

	11. Building footprint
	Ratio of the total building footprint area divided by the block area
	Compact

	Building

	12. Orientation of the buildings
	Façade area proportion facing west, east, south and north
	Bioclimatic

	13. Passive volume ratio
	Percentage of built volumes less than 6 m from a façade over the total built volume
	Passive

	14. Thermal compactness
	Ratio of the envelope area over the building volume
	Heating energy efficiency


The following tasks will be undertaken to complete the three activities described above.

Task 1：Literature review on low carbon urban form relating to building and transportation energy consumption.
In order to find out the research difficulties and blank of low carbon urban form relating to building and transportation energy consumption, relevant studies and literatures should be studied and summarized. The conclusions of this task should include state of arts in relevant fields, the practices of low carbon neighborhoods and cities relating to building and transportation energy, and the difficulties or blanks in this field.

Task 2：Typological analysis at different scales and chosing samples
Task 2.1:  general analysis of urban form of Beijing

The first step of the study is to make general study of urban form of Beijing, which includes describing the size and boundary of the city, primarily studying the urban form typologies, and presenting methodology in urban scale classification. Under this TOR, the scales of urban form are classified into city, neighborhood, street-block, and building. However during the study this classification could be adjusted in order to fulfill the targets better.
Task 2.2:  Typology

Define the boundary of the city, then divide the city into between 5 to 10 significant neighborhood types according to neighborhood building stock, street patterns and uses (for example CBD, historical part, suburbs, etc.), into 10 to 15 different block typologies of different periods (for example traditional courtyards, clusters of towers, clusters of slabs, villas in a landscape) and into 10 to 15 building types (the methodology to define these types is described below and will be further discussed during the study) and map these neighborhoods, urban block and building types at city scale.  During the study the methodology of defining urban typology and the numbers of samples in each typology could be adjusted in order to fulfill the targets better.
Task 2.3: Choose samples for the neighborhood scale

The concept of neighborhood is different in China. The study should carefully present the definition and classification methodologies of neighborhood. 5 to 10 neighborhood samples should be chosen for Beijing, and be representative of the diversity of the neighborhoods of the entire city. These samples should be chosen carefully based on the following criteria:

· Architectural and urban homogeneity

· Representativeness 

· Good data availability and reliability

Task 2.4: Choose samples for the block scale
The block scale is typically 400x400 m large in China or more in suburbs. 10 to 15 samples should be chosen for Beijing, with at least one in each neighborhood sample, and be representative of the diversity of the block types of the entire city. These samples should be chosen carefully based on the following criteria:

· Architectural and urban homogeneity

· Representativeness

· Good data availability and reliability
Task 2.5: Choose samples for the building scale

A building type is defined, according to the following criteria:

· Building form

· Period of construction

· Use (housing, shop, office)

· Representativeness in the city
This typology must typically rest upon between 10 and 20 types of buildings (for example slabs, towers, villas, courtyards, etc.). One building of each type is chosen as a sample to be representative of the diversity of the building stock of the city, in both different uses and forms. These samples must be chosen carefully. Specific attention should be given to the data availability and reliability for these samples.
Task 3: Urban form data collection

Task 3.1: Urban form data collection 
(1) Data collection at the city scale
City-scale GIS data must be collected. They must include:

· Demographic data: inhabitants, jobs within each ring road

· The cumulated street length is collected within the defined city boundary
Specific climatic data must be collected:

· Total incident solar energy throughout the year

· Cumulated degree hour during the heating period

· Average control temperature for housing, shops and offices

Specific transportation data must be collected for the studied city:

-
In each type of neighborhood, average distance travelled per trip by transport mode (individual car, public transport and soft transport including cycling and walking)

-
In each type of neighborhood, average distance travelled per year per passenger by transport mode (individual car, public transport and soft transport including cycling and walking)

-
Average energy intensity per km per passenger by transport mode (individual car and public transport)
(2)  Data collection for the neighborhood scale samples
For each sample of neighborhood: 
· Area of the neighborhood

· Street patterns GIS data and number of intersections of the street network

· The share of people living less than 500 meters from the following urban amenities is calculated: Schools, Public transport stop.

· The total floor area of the neighborhood

(3)  Data collection for the block scale samples

For each block scale sample, the following data must be collected:

· Building footprint layout

· Size of the block (length x width of the block)

· Average distance between intersections calculated at the median axis of the road

· Block area

· Building footprint area

· Building floor area

· Floor area of housing, offices and shops

(4)  Data collection for the building scale samples
For each building sample, the following data must be collected:

· Building floor area

· Building height

· Building perimeter

· Number of floors

· U values of the walls and of the glazing 

· Glazing ratio of the envelope

· Façade area exposed to South, East, West and North respectively

· Distance to and height of the adjacent buildings facing South, East, West and North respectively

· Floor area of shops, housing and offices

· Number of residents and number of jobs
Task 3.2: Spatial indicators calculation

Based on the comprehensive set of data collected in the precedent tasks, the indicators described in the table 1 are calculated. The methodologies of calculation are described in table 2. During the study the indicators and calculation methods might be adjusted.
Table 2: LOCAL City Indicators and Calculations
	Indicator
	Calculation

	City

	1. Human density
	The human density (inhabitants plus jobs) within the first ring road is calculated by dividing the number of inhabitants plus jobs by the area within the first ring road (in hectares). It provides the human density in the center in people per hectare. Then the human density between the first and the second ring roads is calculated by dividing the number of inhabitants plus jobs between the first and the second ring roads by the area between the first and second ring roads (in hectares). This process must be carried out, ring road after ring road, until beyond the last ring road.

	2. Average travel distances by transport mode
	The data collection provides immediately the average distance travelled by trip by transport mode (walking, bicycle, public transport and car).

	3. Street linear density
	This indicator is calculated by dividing the cumulated street length of the street network by the city area.

	Neighborhood

	4. Number of intersections per ha
	The number of intersections of the street network in each sample is divided by the size of the sample in hectares.

	5. Proximity of schools
	For each sample, this indicator is calculated by dividing the number of inhabitants living less than 500 m from a school by the number of inhabitants in the studied neighborhood.

	6. Proximity of public transport stops
	For each sample, this indicator is calculated by dividing the number of inhabitants living less than 500 m from a public transport stop by the number of inhabitants in the studied neighborhood.

	7. Gross urban density
	This indicator is calculated by dividing the floor area of the neighborhood by the area of the neighborhood, including all infrastructures like roads, public spaces and parking lots.

	Street-Block

	8. Block size and average distance between intersections
	Average block size indicator is calculated by dividing by 2 the sum of the width and length of the block taken at the perimeter of the block. 

Average distance between intersections is calculated by dividing by 2 the sum of the width and length taken at the median axis of the road.

I case of very large roads, these 2 indicators can be significantly different and reveal problems in walkability.

	9. Mixed-use
	This indicator is calculated using the respective share of shops, housing and offices floor area. The mathematical formula to be used is the following, with S the sum of housing, offices and shops floor area:
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This index varies between zero and one. Being closer to one indicates a highly mixed- use, zero indicates no diversity at all

	10. Floor area ratio
	dividing the total floor area by the block area

	11. Building footprint
	dividing the building footprint area by the block area

	Building

	12. Orientation of the buildings
	This indicators is the weighted sum of façade area proportions facing west, east, south and north with weights that will be provided in the technical annex.

	13. Passive volume ratio
	This indicator is the ratio of the inside volumes less than 6 meters from a façade by the total volume of the building.

	14. Thermal compactness
	This indicator is the ratio of the envelope area of the building by the total volume of the building.


Task 4: Energy data collection
The data collection for energy should comprise transportation energy for the neighborhood, and final operational energy of buildings. Final operational energy will be analyzed according to different impacts, including urban form, technology, etc. The collected energy data should cover building samples specified in task 2.5 in order to do energy analysis in the following tasks.

In Beijing there is no completed energy audit or statistical system for individual buildings. Only a few buildings are in the trial stage of energy audit and the data is not open to the public. Therefore the task of collecting energy data may have some difficulties and the results are at risk of inaccurate. In order to complete the study successfully, different methods of collecting energy data might be taken, including building energy simulation, case study of building energy , and statistical department survey.

The building operational energy should include: lighting, heating, cooling, household and official appliances, maintaining, etc.. Based on the collected data, energy intensity should be analyzed in according to different uses or energy resources.
Task 5: Analysis of the impacts of planning related factors on building and transportation energy consumption, focusing on the urban form factors.

Task 5.1: Analysis of the linkage between urban form and energy consumptions
Based on the data collection in task 3 and task 4, empirical study should be taken in order to find out the linkage between urban form and building and transportation energy consumption. The study should identify key impact factors (mainly focusing on urban form indicators) of building and transportation energy consumption as a conclusion.
Task 5.2: Analysis of the key urban form impact factors

This task aims at identifying whether the standards, regulations and practices allow the emergence of sustainable urban forms or act as a barrier to their emergence. The study should analyze linkages between key urban form impact factors and local urban planning standards, regulations and practices. 

A low carbon oriented urban form based on the key impact factors analyzed above should be discussed. And new urban planning regulations and standards to promote this low carbon urban form should be presented.
Task 6: Comparison with international best practice benchmarks and discussion with urban sustainability experts
The main conclusion in precedent tasks should be put into perspective and compared with the international best practice
. These results and comparisons will be presented to stakeholders to initiate a discussion on potential scenarios to make both Beijing less carbon intensive, more livable and adaptive. 

In order to complete the comparison, seminars, workshops or study tours could be carried out to widely learn the other practices. These seminars or study tours should focus on low carbon urban development, especially the low carbon urban planning guidance or examples.
4. DELIVERABLES AND THE LEGALIZATION

The consultant should provide the following deliverables:

Deliverable 1: Literature review on low carbon urban form relating to building energy, referred to task1.

Deliverable 2: Typological analysis report at different scales, referred to task 2 and task3.

In this report the methodology to specify the different scales of urban form and to choose the samples should be explained. The detailed urban form analysis and data collection should be described for each scale and sample.

The following maps, documents, and reports are required for each site studied, as appropriate relative to the terms of reference requirements:

· Report on urban form characters of Beijing at city level, including the size, the boundary, the spatial structure, densityetc..

· Report on samples choices: For each neighborhood, street-block, and building, the reason to choose them.
· Urban form analysis report presenting the indicators and outputs.

Deliverable 3: Energy analysis report at different scales, referred to task4 and task 5.

In this report the methods of energy data collection should be described. And the data should be analyzed to reveal the impact of urban form factors.
· Building energy definition and the methods to collect building energy data.

· Specific report on building operational energy analysis for each block and building sample.

· Specific report on transport energy analysis for each neighborhood.

· Energy impact factor analysis.

· Comparative report between the results of the urban form-energy study for Beijing and Ningbo and international best practices

Deliverable 4: Overall report

In this overall report the methods and procedures to carry out this study should be described. The results of data collection, sample choice, indicator compilation, comparative analysis, should be summarized. Based on the conclusion suitable suggestions for low carbon oriented planning regulations should be proposed.
Note: All the deliverables submitted to PMO will be placed in the public domain. Therefore the deliverables submitted by the consultant must comply with all national laws, acts and regulations related to national security.
5. TIME SCHEDULE

The following timetable is envisaged:

· This contract is expected to be signed in early 2014.
· The literature review (task 1) and detailed study framework should be completed within 3 months after the contract signature.

· The samples should be selected within 6 months after the contract signature.
· The data collection work of different urban form scales and samples should be undertaken within 15 months after the contract signature.

· The report of typological analysis, referred to task 2 and task3shall be completed within 1year after the contract signature.

· The energy data collection should be undertaken during 2014 and 2015. The energy analysis report, referred to task4 and task 5, shall be completed within 18 months after the contract signature. (Being expected to be the middle of 2015)

· The overall report should be completed within 24 months after the contract signature. (Being expected to be early of 2016)

6.  QUALIFICATIONS

The consultant should have the following qualifications:
The institute/team shall have combined capacity and skills as follows:
· Have Grade A of qualification of city planning issued by Ministry of Housing and Urban-Rural Development of the People’s Republic of China;

· Familiar with the law and regulations of city planning of Beijing; Familiar with the theories, technologies, and development of energy consumption and carbon emission of buildings of Beijing; Have comprehensive knowledge of sustainable community or city in Beijing; Have experiences of making comprehensive and detailed planning of Beijing;

· Capable of conducting survey of energy consumption and carbon emission of buildings on selected samples. Capable of obtain the relevant data needed for the research, including fundamental land use data and building data;

· Ability to provide acceptable deliverables in both Chinese and English;

· Aware of the management and operation procedure of the World Bank projects.
· Experienced professionals with the following expertise:

· GIS analysis

· Data collection and compiling

· Building energy

· Architecture

· Urban planning and analysis

· Transportation energy

· The pointed team leader shall have:

· A MSc/ME or Phd (or equivalent academic background) in a relevant field;

· At least 10 years experience in urban planning, and 3 years experiences in sustainable building, community or city; Award at national, provincial or ministerial level.

� For the purpose of this study, a set of common indicators of Beijing is proposed.  These indicators will be discussed, revised and refined as part of the consensus building process during the study supported by the Urban-Scale Building Energy Efficiency and Renewable Energy Project.


�  If the data of inhabitants within 500 meters from the amenities couldn’t be obtained directly, then the number could be calculated based on floor area of different usage.


�  The specific methodology and international best practice benchmarks will be delivered at implementation stage in a technical Annex to these terms of reference by World Bank experts.





