Application Material for the Paulson Institute and CCIEE Prize for Cities of the Future

Nearly Zero Energy Building of China Academy of Building Research
I. Project introduction 

1. Background 

China and the United States are both major energy producers and consumers with strong complementarity in energy technology collaboration. Sino-US Clean Energy Research Center (CERC) was established on June 15th, 2009, with $150 million investment from both countries as the start-up capital. The opening ceremony of CERC has been held in Washington, D.C. on January 18th,2011. Dr. Steven Chu, Secretary of Department of Energy for the United States, Mr. WAN Gang, the Minister of Ministry of Science and Technology (MoST) of China; and Mr. ZHANG Guobao, General Director of National Energy Administration (NEA) of China, have inaugurated for CERC.  

Impacted by the continuous enhancement of economy and improvement of living standards, building energy demand keeps on increasing and the phenomenon of “southward heating and northward cooling” has been more and more prominent, leading to steady increases of utilization time and energy consumption of building energy systems. Internationally, the building sector has topped the list of energy consumptions for main developed countries, far exceeding those of the industry sector and transport sector. Accordingly, main developed countries have proposed their 2020, 2030, and 2050 objective and roadmap of (nearly) zero energy building. 

The working objectives of Building Energy Efficiency Consortium of CERC is to promote the ultra-low and zero energy consumption of buildings by integrating high performance building envelope system, renewable energy system, advanced heating, ventilating and air conditioning system, innovative energy storage technology, and intelligent building control. Through the pilot studies from 2011 to 2013, based on the Nearly Zero Energy Building of China Academy of Building Research, or in short as CABR NZEB, scientists and researchers from both China and the United States have been collaborating on various missions, such as the optimization of NZEB planning, energy system design, construction & acceptance, and Operation and Commissioning. 
2. Project overview 

CABR NZEB is a four-storey office building, with floor area of 4025 m2. Targeting the core issues of China’s building energy conservation technology development, and adhering to the principle of “passive building, proactive optimization, economic and pragmatic”, CABR NZEB integrates 28 cutting-edge building energy conservation and environment control technologies, reaching the energy consumption indicators of “providing heating in winter with zero use of fossil fuel, reducing summer cooling energy by of 50%, and reducing lighting energy by 75% ”, realizing the advanced level both in China and internationally. 
The main technologies employed include the Vacuum Insulation Panel (VIP) building insulation system, Low-e vacuum glazing with inter-pane motorized louvered shading system, ground source heat pumps, medium and high temperature solar collector, energy recovery system, liquid desiccant ventilation system, high efficiency luminaries and advanced lighting control, energy management system and building automation system, nearly zero energy building construction approaches and process management, indoor environmental quality control, and indoor PM2.5 prevention and mitigation. 

The energy system of CABR NZEB is comprised of a basic system and an option system. The basic energy system safeguards the overall cooling and heating demands of the building, while the option system is research-oriented for demonstrations and experiments. The constitution of CABR NZEB’s energy system has been illustrated in Fig. 1. 
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Figure 1 Diagram of CABR NZEB’s energy system
Both cooling and heating are provided by the solar collection system, coupled with ground source heat pumps. 144 groups of medium-temperature vacuum tube solar collectors, together with 2 groups of high-temperature solar collectors with sun path tracking, serve as the heating sources. 70 single/double U-tube ground source heat exchangers provide the NZEB with cooling and heating energy from exchanging energy with the ground soil. A single-effect absorption chiller with cooling capacity of 35 kW, and a low-temperature ground source heat pump with cooling capacity of 50 kW, are responsible for the ventilation load; while another high-temperature GSHP with cooling capacity of 100 kW provides chilled and hot water for the radiation terminals. The thermal storage system could help effectively reduce the negative impact brought by unstable solar energy input. Cold storage realizes daytime cooling supplement by taking advantage of off-peak electricity price at night. Based on storage temperature, direct and indirect heating could be provided by the heat storage.     

According to the operational data of CABR NZEB in the past year, annual heating, cooling, and lighting energy consumption of the whole building has been effectively controlled within 25kWh/( m2 year), indicating reduction of 75% in comparison with the baseline office buildings in Beijing. 

3. Project participants

(1) Participants of China: China Academy of Building Research

(2) Participants of the United States: Lawrence Berkeley National Laboratory, Oak Ridge National Laboratory, Minnesota Mining and Manufacturing (3M), Climate Master, SIEMENS, and Lutron. 
II. Evaluation criteria response  

1. Sustainable development 

Steadily raising the building energy conversation standards and gradually realizing ultra-low energy and then zero energy building are the objective of China’s building energy conservation. With the constant deepening of China’s building energy conservation and introduction of advanced international concepts and technologies, the research on domestic passive ultra-low energy green building technology has been continuingly advanced, and abundant demonstration projects have come into being. The key issues of energy conservation and emission reduction, as well as response to global climate change, lie in how to further improve green building’s energy performance and realize ultra-low and even zero energy consumption. 

The technologies and products adopted by CABR NZEB have all provided significant supports for realization of its goal of sustainable development, including the VIP building insulation system, Low-e vacuum glazing with inter-pane motorized louvered shading system, ground source heat pumps, medium and high temperature solar collector, high efficiency luminaries and advanced lighting control, etc.

2. Severe challenge 

The project set the building energy target to save by 75% based on the national standard and domestic average, which has been successfully accomplished. This project also reaches three-star level of China green building with excellent control on sustainable site, water conservation, materials conservation, and indoor environmental quality control. 

3. Bold and Effective
 (1) Design methodology 
Traditional building design approach takes the owner’s project requirement as the guideline, focus on architecture design, and adopts the approach of work specification and gradual detailing. However, nearly zero building design sets a goal of maximum building energy consumption reduction, and implements the integrative design process of optimal decisions when confronting the limitation of building cost, construction timeline, technical feasibility, building endurance, and design & construction available detailing level. The following key issues should be tackled in design of near zero energy buildings:

· a stronger tie-in constraint between the architectural form and the technical solution

· shift focus from meeting building function to performance 

· wider adoption of new technology and techniques

· closer link among design, construction, commissioning, and operation and management process
· tradeoff and optimization of various design plans

· increase of time and management cost due to increasing of design complexity

CABR NZEB has successfully solved the above-mentioned key issues in its project design. 

 (2) Organizational approach 

Nearly zero energy building design needs to transform the traditional design process of work specification, gradual detailing, and linear iteration. This project employs the Integrated Design Process to conduct the design and organization of its nearly zero energy building. 
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Figure 2. The process analysis of near zero energy building realization
 (3) Energy consumption control target
The annual energy consumption of heating, cooling, and lighting for CABR NZEB has been effectively controlled within 25kWh/( m2 year), 75% less than that of the baseline office building in Beijing. 
4. Up-scaling and standardization
 (1) Conforming to the developmental tendency of China’s New Urbanization  

This project meets the relevant requirement of the National Plan on New Urbanization (2014-2020), which urges to conserve water, land, energy and other resources and use them efficiently, to control the total consumption and raise the utilization efficiency, and to raise the utilization proportion of new energy and renewable resources. Hence, this project is sure to play a more significant modal role in enlightening the process of new urbanization.  

 (2) Strict control on project’s increment cost 

The total cost of CABR NZEB is approximately 4000rmb/m2, with incremental cost ratio controlled within 15% and pay-back time of 5-8 years, when compared with buildings of equivalent demand and level. With the enlargement of the energy conservation technologies market, the financial cost for NZEBs will surely be cut down gradually with shortened pay-back time.
 (3) Establishment of a national promotion alliance

Based on the responsible entities of various technological fields, led by China Academy of Building research, “China Passive Building Alliance” was founded in Beijing on December 9th, 2014. The foundation of this alliance aims to promote the development of China’s passive ultra-low energy building industry, and to steer the development of building energy conservation in China. The alliance’s objective is to concentrate the upstream and downstream resources of China’s building industry chain, to ensure the sustainable development of the industry, to establish industrial standards and certification system, to raise the industrialization capacity of China’s passive ultra-low building industry, and to promote collaboration, innovation, and interaction among the alliance members. 
 (4) Compiling national standard and technical guidance 

Based on the experiences of CABR NZEB, the Ministry of Housing and Urban-Rural Development (MoHURD) has commissioned China Academy of Building Research to compile the Technical Guidance for Passive Ultra Low Energy Green Building, and the national standard Technical Standard for Nearly Zero Energy Building in China. This will guide and support the promotion of NZEBs in China at the national level. 
(5) Leading industry upgrading and transformation
    The successfully utilization of high performance building envelope, building energy system and renewable energy system will lead the whole building energy efficiency industry upgrading and transformation. Also, it will have a positive impact on promotion of green materials and “China Manufacture 2025”.

(6) “Internet Plus” Energy Saving Model

    The real-time operation data of the energy system will be open to public, which could be used as a study platform, to promote the energy saving method and result to all the stakeholders.
III. Impacts, progresses, and prospect of the project 

1. The opening ceremony of CABR NZEB
On July 11th 2014, Dr. Ernest Moniz, Secretary of Department of Energy for the United States; Mr. Max Baucus, the United States Ambassador to China, and Mr. WAN Gang, Vice-President of the Chinese People’s Political Consultative Conference and Minister of Ministry of Science and Technology of China; visited the CABR Nearly Zero Energy Building and attended its opening ceremony. Secretary Moniz and Minister WAN conveyed congratulations to the establishment of CABR NZEB, expressed gratitude to the research, design, and construction personnel from both China and the United States, and wished for a leap frog development of China building technology through the combination of scientific and technological innovation and the industry-university-research technology alliance, to further promote the “nearly zero energy buildings” to the “zero energy buildings”, and make greater contribution in response the global climate change. 

2. “Conservation Star” award and CCTV report
In October 2014, authorized by the Propaganda and Education Bureau of the Publicity Department of the Communist Party of China, China Economic Net announced the first group of building energy conservation model projects, awarded as “Conservation Stars”. This is to award their great achievements of energy conservation and emission reduction, and their significant contributions to the relevant industry. CABR NZEB is the only single-building project among the first group of seven “Conversation Star” projects. This has been reported by the Network New Broadcast by CCTV on October 16th, 2014. 

3. APEC Nearly Zero Energy Building Workshop
Targeting at the research and promotion of near zero energy buildings, China Academy of Building Research has organized “APEC Nearly Zero Energy Building Workshop” consecutively in 2013 and 2014. Over 140 guests from domestic and abroad have attended the conferences, including national representatives and renown experts from 21 economies of APEC, the World Bank, the United Nations Development Program, Global Environment Foundation, and the Energy Foundation. 

4. Technical excursion & education base 

Upon establishment, more than 3000 personnel, including leaders and experts of building energy conservation industry, have visited CABR NZEB in 240 batches. In December 2014, CABR NZEB has been recognized as one of the first eight popular science education bases of Architectural Society of China. CABR NZEB is to play a significant role in spreading the knowledge and raising public awareness of building energy conservation. 

5. Further Prospect

China, by itself, situated about 20 NZEBs among the 1000 worldwide now. In the scenario that China should impose requirement that 30% of new construction to meet the energy consumption level of CABR NZEB, the total floor area of NZEBs might reach over 10 billion m2. This would lead to increase of dozens of millions of jobs for upstream and downstream of the (nearly) zero energy building industry chain, and would bring positive impacts on upscaling and promotion of the concept of “Made in China”. 

8

