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Executive Summary 

Overview of Eco-Planning Process 

The National Context for Eco-Planning and Recycling Economy

China’s rapid industrialization in the last decades has engendered serious problems of depletion of natural resources, degradation of major ecosystems, and pollution. Projections by the country’s top leadership have persuaded key officials that continuing this unsustainable model of development is simply not possible. The resources are not available to provide a growing population with higher standards in a Western lifestyle of consumption. The challenge for the Chinese government and people is to create an alternative to Western economic development models. This alternative must enable social and political stability in a time of economic dislocation and growing expectations. 

Leaders at the highest level are calling for a new vision of China’s future. National leaders such as Xie Zhenhua, Minister of SEPA, are charting a fifty year plan to achieve sustainability. Several developments in recent years contribute to this planning:

· Growing recognition of the need to create a development path to meet the needs of a growing population at a higher standard of living without following the model of western consumerism, inefficient resource consumption, and pollution. 

· Developing a Circular (or Recycling) Economy model with high resource efficiency and low pollution. 

· Passage of the Cleaner Production law.

· Commitment of US$1.2B in science and technology investment for sustainable development by the Ministry of Science and Technology. 

· Entry to WTO and the need for China’s industry to become more competitive.

· Acceptance of the nearly universal consensus on climate change, reflected by China’s signing of the Kyoto Accords. 

A Chinese alternative to the outmoded and unfeasible Western development path will aim to achieve improved quality of life for the Chinese people. Quality of life includes having basic needs for food and shelter met. Access to education, health, and cultural resources is a key. Stable and lively community life is an important context for the lives of families. A healthy environment is the basis for healthy families and a thriving economy. Guaranteeing these aspects of quality of life are the deepest purpose of any economy. Many people in the West are now realizing that economies driven by unsustainable material consumption do not achieve this purpose. 

The Circular or Recycling Economy concept has developed in China as a strategy for reducing the demand of its economy upon natural resources as well as the damage it causes to natural environments.  It seeks very high efficiency in resource flows as a way of sustaining improvement in quality of life within natural and economic constraints. 

Liaoning Province and two cities, Shanghai and Tianjin, are piloting development of Circular Economy Plans. Major Liaoning cities and development zones are responsible for responding to the Province’s plan. This report is written to provide input to the DDZ’s response. 

Seeking Solutions

In this report we are building a case for long-term thinking/action that can create a base for sustainability, and linking that to the actions in the next years like the development of the EIP and the continued eco-planning of the DDZ.

Realizing the vision of improved quality of life and creating the Circular Economy requires capacity building with personnel in the State government, the provinces, local administrations, and universities. Business leaders and their management and employees will need to learn how to transform their business models and the nature of the products and services that generate their profits. Citizens will have to realize the limits and costs of the Western model and learn to create a Chinese model that yields true quality of life. 

The Dalian Development Zone has taken a number of important steps to begin this capacity building process. This is a process that seeks to reconcile the goals of economic and social development and environmental protection. In recent years the DDZ has:

· Gained ISO 14000 Environmental Management System certification as a development zone and encouraged industries to do likewise; 

· Launched eight action projects in response to the Liaoning Circular Economy Plan (LCEP) and implemented several of them already;

· Reserved land for an eco-industrial park, as assigned by the LCEP; 

· Supported the operation and technology development of Dong Tai Industrial Waste Company; 

· Elevated the Environmental Protection Office to Bureau status and installed a state-of-the art environmental lab; 

Steps in the Eco-Planning Process

The leadership of the DDZ did not stop with these important steps but went beyond them by starting the Eco-Planning Process we report on in this paper. This work has focused on developing a more systemic and holistic approach to long-term planning of the Zone. This means forming an integrative response to the requirements of the Circular Economy and expanding its vision. 

In 2002, the Dalian Development Zone (DDZ) began an Eco-Planning process in anticipation of the need for sustainable development.  

1. The DDZ hired RPP International (RPP), a research and planning corporation located in the U.S.A., and the School of Management of the Dalian University of Technology (DUT), a major university of Northeast China, to initiate the Eco-Planning Process. 

2. One aim of the process is to build the capacity of the DDZ to plan and implement a Circular Economy in a cost-effective way.  To this end, RPP and DUT conducted a series of workshops with staff from DDZ and from business enterprises.  The workshops covered principles of industrial ecology, Circular Economy, Cleaner Production and sustainable development and provided examples of applications from around the world.  The workshops also surveyed analysis tools for a Circular Economy including life cycle analysis, industrial metabolism, and ecological footprints.

3. Another aim of the eco-planning process has been to develop specific action recommendations for implementing a Circular Economy.

The Report’s Major Recommendations

The report makes the following overarching recommendations relevant to implementing a Circular Economy for the DDZ:

1. A More Integrated Resource Management System.  Increase the integration of resource management throughout the DDZ (including public, industrial, commercial and residential resource uses) in order to reduce pollution, decrease consumption and waste of resources per unit of value created, increase recycling and resource reuse, and maximize efficiency of utilization of materials, energy, and water.

2. Dalian Eco-Industrial Park. Support the development of a Dalian Eco-Industrial Park focused on companies producing products and services that meet the requirements of a Circular Economy for more efficient, non-polluting production, consumption, and resource recovery. Recruit or create tenants in resource recovery, energy efficiency, diversified energy systems, and biomass processing. The EIP planning, recruitment, and operations should serve as a model for ecologically sound site development and industrial technology and practices.

3. A Diversified Energy Strategy.  Invest in establishing DDZ as a major Chinese and world center for increasing the efficiency of energy production, for energy use in all sectors, and for developing renewable energy systems. Biomass conversion systems contribute to this strategy and also offer major opportunities for new material products. This dual use would help manage organic wastes, the largest share of municipal waste stream. 

These recommendations are interrelated. Taken together their implementation could gradually alter the current path of economic development in the DDZ towards a model that is sustainable. This path would be highly responsive to the challenges set by the Liaoning Circular Economy Plan. In this report we provide an overview of the components of each of these systems and action steps toward implementation. 

A More Integrated Resource Management System

With the Eco-Planning process, the Dalian Development Zone has begun a system-wide approach to becoming a Circular Economy. This calls for a higher level of integration along several dimensions of resource management:

· Water, materials, energy, air, and land resources;

· The lifecycle of materials and products, from extraction through production, consumption, and recovery or disposal;

· The public and private sector organizations who control resource flows and their utilization (agencies, companies, associations, and public interest groups);

· Short- to long-term time scales.

Increasing integration in these four realms is a process. A more integrated resource management framework is a goal. Full integration is unlikely and probably not desirable. The process toward greater integration allows managers to minimize the errors of fragmented planning. Integration is a way of seeing and thinking that promotes decisions with understanding of the broader system opportunities, constraints and requirements.

The Liaoning Circular Economy Plan shows a very strong focus on the last part of the materials cycle.  However, the major objectives for efficient use of resources set in the document require that measures be taken along the entire lifecycle of resources, products, or services, not just at the end. The CE Plan projects implementation of the new Cleaner Production law by enterprises as the means to create change early in the lifecycle to increase efficiency of resource use and reduce waste produced. Design of products and services using design for environment and lifecycle assessment tools is another very important measure. Both public and private sector organizations will need to collaborate to support these and other systems level changes. 

Design Principles for a More Integrated Resource Management System. 

Application of a number of principles will support design of a more integrated system for resource management and planning: 

· Emphasize a decentralized, self-organizing process of innovation and management, with strong information links across systems and levels of system. 

· Engage the points of social and economic control in the process (financial institutions, policy, regulatory, and development agencies, and standards setting organizations, among others.)

· Link the staffs of public agencies responsible for environmental protection, economic development, infrastructure, and urban planning in a shared systems approach. 

· Support capacity building so that managers in both public and private organizations can learn to work with integrative tools of systems management and industrial ecology (life-cycle assessment, industrial metabolism, green supply chain management, etc.)

· Improve coordination of agencies in their policy making, their planning, and their operation of public facilities.

· Encourage collaboration among industry sectors and enterprises to achieve increased internal efficiency and to build resource chains for utilizing by-product materials.

· Encourage both government and industry's leadership role in changing consumer behavior and expectations.

· Design incremental changes in the context of visions for broader transformative change. Plan short-term actions with awareness of their interactions and their potential long-term impacts. 

· Maintain strong communication between people and institutions implementing the CE and scientists researching it. 

Possible Action Steps. 

In order for DDZ to implement the design of a more Integrated Resource Management System, the Zone may need to develop a number of new institutions or organizational arrangements. This implies major capacity development programs for managers and staff of the organizations involved. It also requires a significant level of applied research and development connected to local needs and opportunities. We propose the following institutional innovations to achieve these functions. 

A Regional Circular Economy Research Laboratory.  

Creation of a Regional Circular Economy Research Laboratory at the DDZ could be a valuable step toward this more integrated system.  The Lab might operate at three levels: 

· Development of concepts, definitions, methodologies and policy studies to support evolution of the concept of the Circular Economy;

· Research and development to support emerging technologies and new enterprises vital to achieving the Circular Economy;

· Capacity building programs for public and private sector managers in integrated resource management and the Circular Economy. 

This Lab would support the implementation of the eco-industrial park, the diversified energy strategy, and the productive use of biomass. It would play a valuable role in the planning of the DDZ’s future development path, supporting policy development, creation of standards and indicators, master planning, and economic and community development. The long-term values it would create would be very attractive to industries the Zone Investment Bureau seeks to recruit. The specific business development opportunities it would open would attract or generate new tenants in these Circular Economy technology areas. This Lab would also provide a testing ground for the State-level Circular Economy Research Laboratory and provide valuable local input to the work at a higher level. 

Facilitate Coordination.  

Other action steps to facilitate coordination among various crucial stakeholders could include these institutional changes: 

· Establish the norm of having interagency taskforces and electronic networks to coordinate planning of resource management.

· Facilitate the founding of a Circular Economy Business Association to strengthen interaction of businesses providing products and services for resource efficiency and resource recovery. 

· Promote eco-industrial networks including enterprises, agencies, sources of training, and public interest groups collaborating to improve resource use efficiency, resource reuse, and reduction of pollution.  

Set System Indicators and Targets 

Environmental accounting practices such as full cost accounting and resource accounting are changing the way companies and nations perceive the relationship between the economy and the environment. These tools replace economic models and financial accounting systems that define environmental impacts as externalities and undervalue or ignore natural capital (resources and capacity to absorb industrial wastes). Industrial metabolism offers several high leverage indicators for evaluating resource flows. 

Use the Integrative Approach in the DDZ Master Planning Process 

The DDZ will be conducting a master planning process for the original land integrated with the recently acquired area that has doubled the size of the Zone. This offers a unique opportunity to integrate the urban planning process with the economic development, social, and environmental aspects of the Circular Economy. Emphasis of road-based transport illustrates a critical urban planning issue  (consumption of valuable land for auto/truck-based infrastructure) which adds to the critical air emissions problems of motor transport. This example suggests that the master planning of the enlarged DDZ land should integrate the skills and knowledge of urban planners with experts in environmental management, diversified energy systems, economic development, and community development. The plan should be developed with a vision of a hundred year sustainable development path, integrating near-term and long-term needs. 

Apply Integrative Resource Management at “Micro” Levels

The use of an integrated approach to resource management could be applicable and highly cost-effective for specific enterprises or sectors in the DDZ. The DDZ should support demonstration models among enterprises in the Zone, such as a Circular Renewal System apartment building or hotel design. This would be a model of integrated resource management applied to design of habitat. Energy efficient building siting and design would be combined with an integrated system for water, sewage and solid waste management and energy generation for resource recovery. This system design should be applied in development of housing for employees of the eco-industrial park, demonstrating cost reductions that are also benefit the environment. The basic elements of this model have been demonstrated by a Taj Hotel in Periyar, India. 

Learn from the Eight Action Projects for the CE

The EPB needs to harvest the learning about integrated resource management gained by its eight excellent action projects. A workshop of the project teams combined with an intranet discussion forum could support this group learning process, while identifying means of improving the outcomes of each project.

An Eco-Industrial Park Supporting the Circular Economy 

Background. 

DDZ has taken initial steps toward the development of a Dalian Eco-Industrial Park as required by the LCEP. This EIP will seek tenants whose products and services will support the DDZ, its companies, and other firms in meeting the requirements of the Plan. 

An ideal EIP has the following features:

· Infrastructure and buildings designed, constructed, and managed in accordance with environmentally sound practices, equipment, systems, and materials. 

· EIP tenant enterprises agreeing to follow international standards in regards to the minimization of pollution and the reuse, recycling, conversion and disposal of waste. 

· Enterprises managing their materials using a life cycle framework so as to optimize their use of materials and to minimize environmental damage.  Their practices will include recycling and reuse as well as minimizing waste products that can not be used by other enterprises located in the vicinity.  

· Synergistic linkage of the various enterprises so that the use of materials, energy, water, and transportation are minimized for a given output of production. Where possible, enterprises  exchange by-products not recycled internally.

· Learning within and between tenant enterprises considered as an essential aspect of the EIP.  To that end, the EIP operates as a learning center on site.

· The EIP serving as a node for the region’s eco-industrial network of operations pursuing sustainable development and the responding to the LCEP.

· EIP Management providing services and leadership to assure that all of these characteristics are reflected over the life of the park.

The planning of the Dalian EIP will seek to embody all of these ideal characteristics. 

Summary of Dalian EIP Concept 

The LCEP set objectives and tasks in regards to the EIP. The proposed park would address all of these objectives and targets.

Recruitment 

We recommend that the Dalian Eco-Industrial Park recruitment should emphasize three major industrial clusters and one additional supply chain category: 

· Resource recovery firms: These enterprises produce value from major product and material waste flows. They include niche collection, recycling, equipment re-manufacturing, reuse of products and materials, bio-energy generation, composting, etc. (With organic materials 75% of the Dalian municipal waste stream, biomass processing for energy and materials should be one major focus.)

· Alternative energy firms: Tenants offering products and services to increase efficiency of energy use directly serve achievement of Liaoning Circular Economy Plan (LCEP) objectives. Renewable energy firms produce such products as bio-gas and bio-fuel, equipment for wind and solar energy, hydrogen fuel cell transportation and power generation, and energy system integrators. Their presence in the EIP and the DDZ could further a long-range LCEP goal of increasing the efficiency and reducing the environmental burdens of energy generation. R & D and business development in this field could create a platform for emerging sustainable technologies and build the technological know-how required to be competitive. 

· Water technology and service companies:  These companies support development of more efficient and integrated water management systems in public infrastructure, commercial buildings, and industrial plants. The regional water crisis makes this a critically important cluster.

· Companies in the supply chain of major industries: Most of the above companies fit particular niches in the supply chains of international and Chinese private firms and state-owned enterprises. Others, such as comprehensive resource services companies or suppliers of environmentally superior materials or components may also be recruited. 

EIP Support for the Circular Economy 

The Dalian Eco-Industrial Park would have a clear mission to support the business and social community of the DDZ and of the City of Dalian. This support could include marketing packages of products and services to State Owned Enterprises, multinationals, and government operations; facilitating creation of environmental and energy companies outside the EIP; managing "chain connections" or by-product exchanges among industries; and furthering social programs that benefit the citizens of the region. 

The EIP’s development strategy would include programs for its tenants to help meet an important State and local priority: the increased efficiency and improved management of atate-owned enterprises (SOEs). (Although the DDZ itself includes relatively few SOEs, Liaoning Province has the largest number of such enterprises in China and their participation is an important part of the LCEP.)  The management of the Dalian EIP could work with its tenants to create integrated packages of products and services to support significant gains in efficiency of resource use and prevention of pollution by major SOEs in the region. Multinationals located in the DDZ might also benefit from such local products and services. 

In some cases the EIP might be home base for tenants that operate facilities located outside the EIP.  These might include generation of bio-energy, manufacture of building products and materials from power plant ash. 

Another activity of the EIP and its tenants important to the Circular Economy Plan could be to establish “chain connections” between plants within the park, in the zone as a whole, and in the City of Dalian. This might be through a broker or by-product utility. 

The housing for EIP employees could demonstrate a Circular Renewal System apartment building design. This would be a model of integrated resource management applied to design of habitat. Energy efficient building design would be combined with a system for sewage and solid waste management and energy generation. See the description of this system under Integrated Resource Management.  

Action Steps so Far

The DDZ has already taken action steps towards the development of the EIP:

· The DDZ Planning Bureau has reserved an initial parcel of land of 83 hectares situated at the gateway to the newly expanded area of the Zone. 

· The DDZ Investment Bureau has negotiated favorable terms of use for this land in order to make planning and recruitment for it feasible. This may be through a public-private collaboration.  

· The DDZ Eco-Planning Process includes definition of a development and recruitment strategy for this EIP addressing the requirements of the Liaoning Circular Economy Plan for the DDZ, Dalian, and the region. (See concept summary above.)

· The Planning, Investment, and Environmental Protection Bureaus have secured a commitment from Ernest Lowe, a leading international expert on Eco-Industrial Parks, to live in the DDZ for at least six months to help advance the EIP planning, investment, and recruitment process. 

· Earlier the DDZ built a conceptual platform for development of the EIP through participation in the United Nations Environmental Program project on the Environmental Management of Industrial Estates. (2001 July to 2002 May)

Recommended Actions

There is a business transition in which the original EIP planning organization, RPP International, has joined forces with Sustainable Systems Inc., another California firm. The new venture brings stronger resources for EIP planning, recruitment, and management. 

The process of negotiation to develop favorable terms for the EIP land has led to the DDZ assuming the role of land developer, with EIP planning, recruitment, and management supplied as consulting and services to the DDZ. Outsourcing the management function, at least in the first years, is recommended in order to assure that the unique management system required for an EIP is fully functional. 

The DDZ Investment and Planning Bureaus should identify alternative sites for the EIP. The 83 hectare site now proposed may or may not be an optimal location for the EIP. 

The worldwide SARS epidemic and the large concentration of cases in China creates an obstacle to recruitment, hopefully a short-term one. Even though Dalian has not experienced a major outbreak, it is likely to be months before plant site selection teams will be willing to visit the EIP. 

Until the SARS situation is under control, a recruitment effort could use sophisticated telecommunications tools to start the process for the EIP and for other sites in the DDZ. The DDZ would need to play a role in developing the Chinese side of an internet-based communications, project management, and knowledge management system to support project planning as well as recruitment.

Creating a Sustainable Diversified Energy Strategy

The Need for a Diversified Energy Strategy

The Dalian Development Zone has set a target of 26% growth in GDP over the next ten years. This rapid growth will require a major expansion of energy supply, through some combination of energy efficiency, energy conservation, installation of renewable energy sources, and improved ‘conventional’ energy sources. If this demand is met through conventional fossil fuel sources, the environmental burden will be massive, even with major improvements in combustion technology. Therefore we recommend that the DDZ develop a diversified energy strategy in order to reduce the environmental burdens from the energy needed for its growth. This strategy would help meet LCEP targets for energy efficiency directly and indirectly. Renewable sources also help reduce pollution from fossil fuel sources. 

Basic elements of a diversified energy strategy include: 

· Increase efficiency of energy production and use to reduce the increase in demand due to DDZ growth.

· Meet an increasing portion of energy needs through development and application of renewable energy technologies.

· Use alternative energy strategies to reduce the local and global environmental impacts of the zone’s growth.

· Adopt clean coal practices and technologies to lower the impacts of present energy sources.

Energy targets in the LCEP and the national tenth Five Year Plan’s goal of 5.5% of China’s energy supply being from renewable sources suggest that there is a strong basis for the DDZ to become a leading center for realizing national and provincial goals and going beyond them. Biomass processing constitutes a specific opportunity for both renewable energy and production of material products of special significance for Dalian. 

The primary categories for alternative energy business development include the following:

· Energy service companies for energy efficiency and conservation 

· Manufacturers of equipment to support energy efficiency 

· Manufacturers of equipment for renewable energy

· Wind energy generators and support equipment

· Photovoltaic cells 

· Fuel cells for energy generation and transportation

· Solar water heaters

· Biomass energy 

· Ocean energy from waves and thermal gradient

· System integration – design, installation, and maintenance

· Facilities generating renewable energy with many of the technologies outlined above.

Potential Energy Efficiency and Conservation Options

A focus on diversified energy companies in the DDZ and the EIP will help meet critical needs for the long-term development of a Circular Economy. The LCEP addresses energy usage of heavy industries. Increases in the efficiency of energy use in industry, commerce, government, and households directly meet its demand for higher productivity per unit of energy input. 

Higher efficiency cuts the costs of energy and the environmental impacts of its production. These dual benefits open access to environmental finance structures, including those seeking to mitigate greenhouse gas emissions. Through greater efficiency in use of energy and other resources, state owned enterprises in Dalian and elsewhere in the northeast could become more competitive as foreign companies enter China under WTO. Investments in energy efficiency are generally paid back within three to five years through the cost savings. 

The DDZ could help implement the Circular Economy by offering incentives to two classes of companies in energy efficiency: 

· Energy service companies (ESCss) conduct energy audits, design more efficient energy systems for new and existing buildings or processes, and play a key role in design of systems for co-generation and cascading of energy from one quality of use to another. Such ESCos often offer to design, build, and finance performance-guaranteed system improvements. 

· Manufacturers of energy efficiency equipment include those producing more efficient lighting, heating, ventilation and air conditioning systems, appliances, insulation, windows, industrial and office equipment, and energy use sensors. 

Potential Renewable Energy Options

DDZ’s encouragement of companies that manufacture renewable energy equipment, operate renewable energy generation systems, and provide systems integration could achieve several results important to the Circular Economy and local economic development: 

· With advanced systems design, renewable energy systems could be less polluting and more resource efficient than fossil fuel-based energy. (Pollution avoided or reduced includes nitrogen, mercury, sulfur, and greenhouse gas emissions.) 

· New enterprise and job creation could demonstrate the economic benefits of the Circular Economy. 

· Local capacity could become strong in resource assessment, designing, constructing, managing, and maintaining these emerging technologies.

· Managers, technical specialists, and researchers could all move up on this important learning curve as the technologies become fully cost-competitive with fossil fuel energy. (Advanced wind power is close to this point now.)

· Bio-fuel and bio-gas technologies could divert organic materials from landfills while creating renewable energy, a dual benefit.

Zone encouragement to alternative energy firms could include scientific resource-assessment, systems engineering and design coordination, construction, startup, maintenance and upgrades.

Biomass Processing 

Over seventy percent of Dalian’s waste stream is biomass, most of it discarded in landfill. Industries, public operations, and households waste valuable natural resources at a significant cost to the economy. Most current recovery of biomass discards operates at a relatively low economic value. Although the Liaoning Circular Economy Plan does not emphasize management of organic wastes, DDZ planning for the LCEP offers a major opportunity to demonstrate a systems approach to achieving the objectives of this provincial plan while creating excellent economic benefits. Biomass processing technologies generate green energy and materials while diverting a major urban waste stream from the landfill. This yields a double economic benefit of renewable products plus avoided public costs. 

Although a great deal of research has focused on biomass processing in China as well as internationally, this is still an emerging set of technologies, most of which are not yet commercially feasible. The economics of this field are likely to improve through integration of technologies into biorefineries and through linking biorefineries to petrochemical refineries.  

The Dalian Development Zone could become China’s center for high value conversion of biomass to both energy and materials. It could become a source of system design services and technologies to offer commercially throughout China. Four of the zone’s eight LCEP pilot projects already target specific types of biomass discards (garbage, paper, wood, and sewage sludge from water treatment plants).  

Design, Installation, and Maintenance of Integrated Systems

In the next decade the feasibility of using renewable energy will be enhanced by integrating two or more of the technologies needed in order to best meet a specific site’s needs. A company serving as energy systems integrator would assess the customer’s energy requirements and budgets, determine energy efficiency strategies that can reduce the demand, select the optimum combination of sources, and coordinate installation of the system. It may also negotiate financing and sales of excess energy to utilities. Depending upon the tax structure and incentives provided, such a company could conceivably operate as a distributed utility, owning the equipment and selling the energy services. 

Potential Options for Clean Coal Use

 “Clean coal” technologies constitute an active area of research, already under evaluation in Dalian, both for electricity generation and for fueling industries.  Clean coal, a critical transitional technology, is an important part of the region’s and the DDZ’s overall energy strategy.  Clean coal technologies can provide great environmental and efficiency advantages over conventional, pulverized coal combustion, even with pollution control enhancements, in the transition to the Circular Economy:  

Possible Action Steps 

The DDZ should explore the potential for augmenting its long-standing economic and technological development mission to include a diversified energy development role. Perhaps it could apply for a special jurisdictional status enabling it to utilize the most promising policies for promoting efficient and renewable energy. It could become a practical testbed for policy, technology, and business development in this field. This would have very strong implications for the evolution of the Circular Economy since the LCEP is relatively limited on energy issues so far. This could help China assume a major global leadership role and fill a significant vacuum. 

A sustainable diversified energy strategy for the DDZ requires a number of steps at policy level. The DDZ should encourage at the appropriate levels of government adoption of full cost accounting in setting energy prices and in evaluating investments for new energy sources. This approach calculates the external social and environmental costs of technology choices as part of any cost-benefit analysis. 

A strategy for diversification of energy sources should center on developing and implementing an ‘alternative energy portfolio standard,’ to include:

· Targets and incentives for increases in efficiency of energy production and usage, consumption efficiency, and supply from renewable energy sources;

· Incentives for energy efficiency related venture development;

· Incentives and other support for establishing enterprises manufacturing renewable energy equipment, assembling systems, or generating energy;

· Public investments that leverage private investment in alternative energy companies;

· Procuring equipment, services, and energy from alternative energy companies in the zone;

· Supporting R & D on renewable energy technologies and energy efficiency practices.

Conclusion 

This progress report on Eco-Planning in the DDZ has emphasized four high leverage initiatives that would support implementation of the Liaoning Circular Economy Plan (LCEP) in the Zone and in the Dalian region:  

1. Development of an Integrated Resource Management System would create a local institutional process for Circular Economy activities, strengthen capabilities in existing institutions, conduct research on conceptual as well as technological issues, and engage citizen groups and households in the learning process. This system would encourage practice of an integrative systems approach across a number of critical dimensions: 1) short-term to long-term, 2) local to regional to provincial to national to global, 3) agency to agency, 4) public to private to civic, and 5) upstream to downstream in the production/consumption/reuse cycle. A central institutional innovation would be creation of a Dalian Circular Economy Research Laboratory at the DDZ. 

2. A Dalian Eco-Industrial Park would meet a specific requirement stated in the Liaoning Circular Economy Plan. The recruitment strategy for the DEIP would focus on companies that directly and indirectly satisfy many requirements of the LCEP. Target clusters include resource recovery (niche collection, recycling, reuse, re-manufacturing); alternative energy (services and equipment for energy efficiency and conservation and renewable energy sources); technologies and services for efficient water use, reuse, and conservation. DEIP management could support tenants in creating integrated packages of products and services to help state owned enterprises, private Chinese firms, and multinationals to meet the objectives of the LCEP. 

3. The DDZ’s expansion and aggressive economic growth targets require a broad initiative for a Sustainable Diversified Energy Strategy to manage the energy and environmental issues of this rapid development. The Zone could directly and indirectly meet requirements of the LCEP by strengthening policies, economic development, and R & D for both energy efficiency and conservation and for application of renewable energy sources. The competitive advantage gained in these emerging technologies could have long-term economic and environmental benefits. Local and regional industries, commercial establishments, and government operations could be better able to meet and surpass the energy efficiency and conservation targets of the LCEP. 

The very large proportion of organic municipal solid waste going to the Dalian landfill (74%) suggests a long-term integrative project for biomass conversion of organic discards. Biomass processing can yield a wide range of energy and material products and divert a significant share of the economy’s wastes into useful functions. The DDZ is already implementing four action projects to handle specific biomass discards (including sewage sludge, municipal garbage, and selected paper and wood discards). These projects offer a base for developing a broader policy and strategy for R & D and economic development to create a systems solution with implications for large cities across China and around the world. 

These initiatives are very closely interrelated. The Integrated Resource Management System would provide the local capacity development and research needed for planning of the other initiatives to proceed in a systems context. The Dalian Eco-Industrial Park is an important node in the IRMS, with its tenants supporting gains in resource efficiency in all sectors. It could be home to many of the new companies in Diversified Energy and biomass conversion for both energy and materials. 

Seen as a whole system, the four initiatives would offer an integrated response to meeting the objectives of the LCEP and creating a model for the Circular Economy in the Dalian Development Zone and its region. They enable planners to deal with resource issues such as urban planning, transportation, and the built environment that are critical to a full model of the CE. They demand planning and implementation in a long-term context while addressing the short-term social and human needs of China’s transitional economy. 

If DDZ leadership embraces the major initiatives recommended, what high priority initial steps should it take to begin implementation of them? 

· Continued capacity building in systemic Eco-Planning is necessary so that Zone leaders can plan and implement these initiatives and introduce others with high priority. (Integrated water management is a crucial one to address in the context of integrated resource management.) 

· Of the four initiatives, DEIP planning already has momentum and next steps are to complete negotiations between the DDZ Investment Bureau and Sustainable Systems Inc. The latter will then be able to secure outside investment to finance the site planning, and recruitment process. 

· DDZ management should explore the feasibility of establishing a Regional Circular Economy Research Laboratory as an institution to lead formation of a more Integrated Resource Management System. Assuming this could draw upon resources of SEPA’s state-level CE Laboratory, as well as resources in Liaoning, it would play a central role in realizing the other initiatives and fulfilling the vision of the Circular Economy. 

· Other institutional innovations to support integrated resource management could be used to start development of the CE Lab:  interagency taskforces and networks, eco-industrial networks, and a Circular Economy Business Association. 

· Use the new DDZ master planning to integrate the urban planning process with the economic development, social, and environmental aspects of the Circular Economy.

· The DDZ should explore achieving a special jurisdictional status to promote a diversified energy development role. This special status would enable it to utilize the most promising policies for promoting efficient and renewable energy technologies and services.

 More Integrated Resource Management System

Integrated Resource Management System

Introduction

Fulfilling the Liaoning Circular Economy Plan is an ambitious and complex initiative. Success calls for changes in all aspects of life, all sectors of society. Success must be defined by a strengthening of the regional economy, by improvement in quality of life, and by a much higher level of efficiency and lower level of pollution in utilization of resources. Achieving success in these four realms requires a system-wide approach to planning and development for becoming a Circular Economy. This approach is already apparent in many aspects of DDZ management, but the CE challenge calls for a higher level of integration along several dimensions of resource planning and management:

· Short- to long-term time scales.

· Water, materials, energy, air, and land resources;

· The lifecycle of resources and products, from extraction through production, consumption, and recovery or disposal;

· The interaction of public and private sector organizations who control resource flows and their utilization (agencies, companies, associations, and public interest groups);

Increasing integration in these four realms is a continuing process, with more integrated resource management framework as a goal. Full integration is unlikely and probably not desirable. The process toward greater integration allows managers in different organizations and from different disciplines to minimize the errors of fragmented planning. Integration is a way of seeing and thinking that promotes decisions with understanding of the broader system opportunities, constraints and requirements. 

It would be arrogant to propose from the outside a recipe for achieving this goal. We can only summarize some general principles to guide the process, suggest some of the dimensions of integration required, and outline some innovative institutional forms that could promote greater integration. 

The first of the principles suggests “a decentralized, self-organizing process of innovation.” A more integrated approach to resource management does not mean fusing organizations with diverse missions into one mega-organization. It is much more a matter of having stronger channels for communication and interaction and capacity building for their managers and staffs in systems thinking for a Circular Economy. 

We’ll begin with the principles.

Design Principles for an Integrated Resource Management System. 

Application of a number of principles will support evolution toward a more integrated system for resource planning and management: 

· Emphasize a decentralized, self-organizing process of innovation and management, with strong information links across systems and levels of system. 

· Engage the points of social and economic control in the process (financial institutions, policy, regulatory, and development agencies, and standards setting organizations, among others.)

· Network the staffs of public agencies responsible for environmental protection, economic development, infrastructure, and urban planning in a shared systems approach. 

· Support capacity building so that managers in both public and private organizations can learn to work with integrative tools of systems management and industrial ecology (life-cycle assessment, industrial metabolism, green supply chain management, etc.)

· Improve coordination of agencies in their policy making, their planning, and their operation of public facilities.

· Encourage collaboration among industry sectors and enterprises to achieve increased internal efficiency and to build resource chains for utilizing by-product materials.

· Encourage both government and industry's leadership role in changing consumer behavior and expectations.

· Design incremental changes in the context of visions for broader transformative change. Plan short-term actions with awareness of their interactions and their potential long-term impacts. 

· Maintain strong communication between people and institutions implementing the CE and scientists researching it. 

These principles are based upon experiences in both developing and developed countries with eco-industrial development and systems approaches to sustainable development. Channels of outreach to industry and to citizens need to adapt them to Chinese culture and practice. They should guide creation of media campaigns, educational programs, and technical assistance. 

At the end of this part of the Eco-Planning Report the Recommendations for Action suggest a number of institutional innovations that reflect this list of principles. Some are relatively simple to achieve, such as establishment of cross-agency task forces or networks that interact around critical issues such as the water crisis. The most ambitious is the Regional Circular Economy Research Lab. Below, under Integration Across Organizations, we describe an approach to integrating water management through self-organizing networks and knowledge management tools, such as Geographic Information Systems. 

Integration across Timeframes

As the oldest continuous culture on Earth, China has a historic foundation for planning and acting with a long view to the future. The Circular Economy concept has emerged from long-range planning processes that projected expected population growth, increases in quality of life, and resources available to China. The results indicated that if China followed a Western style of consumption, resources for continued growth would no longer be available within 20 to 30 years. 

More integrative resource management at local and regional levels needs planners and managers to take this sort of long view as the context for their short-term decision making. For instance, the DDZ has recently doubled in size and currently aims for growth in GDP of 26% per annum. Yet this is a relatively arid region with depleted aquifers suffering saltwater incursions. Even with a large increase in water efficiency and reuse, how will sufficient water to support this level of growth be found? 

Scenario planning and simulation and modeling tools (both quantitative and qualitative) are two methods that support groups planning a sequence of responses to such an important crisis as water. We recommend at the end of this section that the new process for master planning of the DDZ take an integrative approach in terms of the organizations and disciplines it involves and its consideration of resources available. The land use plan and transportation plan have to be developed with an Eco-Planning approach that helps build a Circular Economy. 

Integration Across Lifecycles

The Liaoning Circular Economy Plan shows a very strong focus on the last part of the materials cycle.  However, the major objectives for efficient use of resources set in the document require that measures be taken along the entire lifecycle of resources, products, or services, not just at the end. 

A lifecycle approach suggests the following points of intervention along the metabolic flow to improve resource management by optimizing the utilization of resources and minimizing the environmental impacts of using them. 

· Extraction of raw resources

· Processing of resources

· Selection of resources

· Transportation/distribution of resources and products

· Design of products and services to optimize utilization of resources along the entire lifecycle

· Utilizing resources to create products and services

· Using products and services

· Recovery or disposal of used products and resources

Actors at any point along this sequence make decisions that affect efficiency of resource use and environmental impacts. With supply-chain management, downstream companies and public infrastructure operations can issue specifications for changes in resource management all along the chain. For government to formulate policy that will fulfill the Recycling Economy plan in Liaoning, this framework is a basis for identifying the points of intervention that will gain the highest level of change for the public and private investments required. 

The LCEP projects implementation of the new Cleaner Production law by enterprises as the means to create change early in the lifecycle to increase efficiency of resource use and reduce the volume of waste produced. Enterprises will need training to support their application of CP practices, along with the industrial ecology methods that support gaining this upstream resource efficiency. 

In Germany’s Recycling Economy legislation  “ . . . waste is to be avoided as far as possible even at the production stage . . .  the producers' responsibility for their products . . . is now embodied in law (and they) should see to it that products are so structured that waste is avoided in their manufacture and use, and that an environmentally sound recycling and disposal is ensured after their use.”

Design of products and services using design for environment and lifecycle assessment tools is a very important upstream measure. Throw away products must be replaced by highly durable ones that can be easily repaired and upgraded. At the end of their life, products should be easily disassembled and recycled.  

Japan’s Recycling Economy policy “emphasizes the necessity of reducing resources used in products and of using products as long as possible before they become waste (i.e. “reduce”) to accomplish the objectives. It will also be necessary to utilize products again as products and parts after their use (“reuse”) and to regenerate them as resources for use as raw materials of products (“recycle”).

Both public and private sector organizations will need to collaborate to support these and other systems level changes. Without this lifecycle approach to resource management, the increases in volume of resource flows tend to outstrip the improvements gained through action at the end of the cycle.

Integration across Types of Resources

The LCEP’s goals and targets focus on material resources but also include water and energy. Realizing a Circular Economy requires balanced concern for land and air resources along with materials, water, and energy. The CE vision has emerged from analysis of the powerful constraints on China’s future development posed by limited resources in all of these realms. Highly efficient use of each resource depends on understanding the interconnections between them. 

For instance, coal-fired power plants require a large volume of water for cleaning of coal, for cooling, and even for moving and storing fly-ash. In turn, the plants’ air emissions pollute the atmosphere at local and global scale, impacting ecosystem and human health. Desalination is one “solution” for water shortages, but it creates fresh water from the sea at a very high energy and financial cost and generates large volumes of polluting waste. This finally would lead back to increased use of coal, which requires still more water. 

Lifecycle analysis and design for environment methods enable planners to perceive these interactions of impacts and optimize decisions to minimize negative impacts and gain the best benefits. However, they do not take the place of a public values analysis to determine the relative weighting of each cost and benefit. For instance, maximizing use of storm water through use of gray water for power plant cooling may deprive coastal ecosystems of the runoff required for healthy regeneration. Diverse stakeholders have to work together to balance the interests of different sectors and of natural systems. 

Integration across Organizations

In order to manage across timeframes, lifecycles and types of materials, the organizations concerned need communication systems that enable more integrated management. The DDZ already demonstrates a notable level of inter-agency communication and understanding. In discussions of the Eco-Industrial Park for the zone, managers of the Investment Bureau, Planning Bureau, and Environmental Protection Bureau have shown good knowledge of the requirements and procedures of each other’s organizations. They have worked together effectively to plan this important development and make it feasible in business terms. 

This appears to reflect an innovative and collaborative organizational culture within the DDZ. To what extent does this type of integrative planning occur between DDZ and the other agencies it must interact with in resource management? With water alone there are at least eight DDZ offices and eight other agencies involved:

· Dalian Development Zone:

· Environmental Protection Bureau

· Planning & Water Saving Office

· Dalian Development Zone Water Supply Company 

· No. 1 Wastewater Treatment Plant Co. 

· DDZ District Heating Co., Ltd

· Landscaping Administration Office of DDZ

· Financial and Taxation Bureau

· DDZ Federation of Industry and Commerce

· Dalian Dong Tai Industrial Waste Treatment Co., Ltd

· Dalian Environmental Protection Bureau (EPB)

· Dalian Urban Water Supply Management Department

· Dalian Water Planning and Saving Office

· Dalian Environmental Information Center

· Dalian University of Technology, Environmental Engineering Department

· Dalian Railway University, Water Research Institute

Assuming that there are also players at the Liaoning Province and the State levels, this becomes a large number of organizations, each with its own interests, points of view, and authority. To manage the region’s water crisis effectively for long-term solutions they need to understand each other’s sources of knowledge, values, and self-interests. 

Design engineers’ concepts of bootstrapping and rapid prototyping are very useful approaches to evolving more integrated management systems. Rapid prototyping of software, for instance, begins by putting together a relatively simple set of off-the-shelf tools and inviting end-users to use the product and give feedback on how well it performs the functions they need. This more informal approach often is superior to starting by designing a full complex system. 

An example of this bootstrapping approach in resource management would be creating an interagency taskforce and network of agency staff and other stakeholders working on integrated water management. The taskforce members would have access to a regional web-based Geographic Information System and an intranet for their discussions and papers. In between occasional working meetings, they would continue their interaction through the electronic connections. This basically self-organizing process would enable them to understand each other’s interests, work through the issues, resolve conflicts, and set short- and long-term goals for improving efficiency of the water systems and the water using organizations they manage.

Proposed Action Steps 

In order for DDZ to move toward more integrated resource management systems, the Zone may need to develop a number of new institutions or organizational arrangements. This implies major capacity development programs for managers and staff of the organizations involved. It also requires a significant level of applied research and development connected to local needs and opportunities. 

It is important to remember the design principles stated at the beginning, especially the first one, “Emphasize a decentralized, self-organizing process of innovation and management, with strong information links across systems and levels of system.” This is embodied in the suggestion for a taskforce and network of water agencies described under Integration Across Organizations. 

Regional Circular Economy Research Laboratory.  

Creation of a Regional Circular Economy Research Laboratory at the DDZ could be a valuable step toward a more integrated system.  The Lab might operate at three levels: 

· Development of concepts, definitions, methodologies and policy studies to support evolution of the concept of the Circular Economy;

· Research and development to support emerging technologies and new enterprises vital to achieving the Circular Economy;

· Capacity building programs for public and private sector managers in integrated resource management and the Circular Economy. 

This Lab would support the implementation of the eco-industrial park, the diversified energy strategy, and the productive use of biomass. It would play a valuable role in the planning of the DDZ’s future development path, supporting policy development, creation of standards and indicators, master planning, and economic and community development. It would be an important institution to demonstrate the value of the four types of integration described earlier: across timeframes, lifecycles, types of resources, and organizations. An aspect of its mission would be evaluating methods and tools to achieve this. 

The long-term values it would create would be very attractive to industries the DDZ Investment Bureau seeks to recruit. The specific business development opportunities it would open would attract or generate new tenants in these Circular Economy technology areas. It would work closely with EIP management and with the EIP business incubator in evaluation of technologies and supporting their commercialization.  

This Lab would also be a testing ground for the State-level Circular Economy Research Laboratory and provide valuable local input to its work at a higher level. By locating the regional lab in a development zone rather than a university, there would be a rich mix of practical experience from industry and public management with the depth of theory, research, and analysis academic partners offer. 

We will recall the concepts of bootstrapping and rapid prototyping we discussed above: begin with action projects to generate a more complex integrative system. First steps toward development of a Regional Circular Economy Research Lab could be taken by beginning the next options we propose for facilitating coordination, master planning, and micro-level integration. Plan each initiative in the context of designing the Regional Lab and with consultation with the National Circular Economy Research Lab. 

Allow the new institution to evolve out of the organizational learning that develops in the master planning process or the creation of specific integrative taskforces and networks. Develop the research agenda and recruit the Lab’s partners with guidance from the teams actively creating the means of realizing the Circular Economy. 

Facilitate Coordination.  

Other action steps to facilitate coordination among various crucial stakeholders could include these institutional changes: 

· Establish and strengthen the norm of having interagency taskforces and electronic networks to coordinate planning of resource management. (An example of this for water management was given above in Integration Across Organizations.)

· Facilitate the founding of a Circular Economy Business Association to strengthen interaction of businesses providing products and services for resource efficiency and resource recovery. This might be a circle within the DDZ Federation of Industry and Commerce in order to link suppliers with their potential customers.

· Promote one or more DDZ eco-industrial networks including enterprises, agencies, sources of training, and public interest groups collaborating to improve resource use efficiency, resource reuse, and reduction of pollution.  This sort of network is being used in North America and several Asian countries to establish eco-chains, by-product exchanges, and systems for energy and water cascading as well as procurement of common services. 

· Develop networks with other development zones that have major activities relating to the Circular Economy. Although DDZ appears to be the leader at this point, the mutual learning would benefit all. It may also lead to sharing of resources. 

Set System Indicators and Targets

Environmental accounting practices such as full cost accounting and resource accounting are changing the way companies and nations look at the relationship between the economy and the environment. These tools replace economic models and financial accounting systems that define environmental impacts as externalities and undervalue or ignore natural capital (resources and capacity to absorb industrial wastes). 

Industrial metabolism offers several high leverage indicators for evaluating resource flows. These are useful metrics for assessing the sustainability of an operation’s utilization of resources:

The ratio of virgin to recycled materials: This ratio could be used in assessing a product, production system, company, industry or economy. The lower the relative draw upon virgin materials (to replace materials lost from dissipation) the closer the system would be to sustainable.

Ratio of actual/potential recycled materials: This ratio between volume of materials that could be recycled to the fraction actually recycled would also be useful at levels ranging from a production line to an economy. A proxy  measure could be the ratio of secondary supply to total supply of final materials.

Ratio of renewable/fossil fuel sources: This ratio would tend to remain fairly stable for older facilities but would be useful in designing new facilities, in retrofitting of plants, and at a corporate level. 

Materials productivity: The economic output per unit of material input is a useful measure of industrial metabolic efficiency. The CE plan directly sets targets in this and the next area.

Energy productivity: The economic output per unit of energy input.

Resource input per unit of end-user service: This ratio assesses resource use against the useful function gained and maintained for the end-user. It is suggested by Walter Stahel's work envisioning highly durable products delivering function to the customers of service oriented companies. 

Ratios 1, 2, and 4 are from Ayres and Simonis, 1994, Industrial Metabolism, Chapter 1, United Nations Press, Tokyo. 

Use the Integrative Approach in the DDZ Master Planning Process

The DDZ will be conducting a master planning process for the original land integrated with the recently acquired area that has doubled the size of the Zone. This offers a unique opportunity to integrate the urban planning process with the economic development, social, and environmental aspects of the Circular Economy. 

For instance, a major reason that large-scale automobile use in China is not sustainable is the very large footprint and heat trapping that this mode of transportation generates. (Road infrastructure captures from 30%-50% of urban land in some US cities.) This urban planning issue  (consumption of valuable land for road transportation) adds to the critical air emissions problems of motor transport. Planners need to take an integrated approach to understand 1) the tradeoff between the short-term economic benefit of vehicle manufacture and the long-term system costs of auto-based transportation and 2) the long-term economic benefit of alternative transportation systems and the resulting higher value land use. 

This example suggests that the master planning of the enlarged DDZ land should integrate the skills and knowledge of urban planners with experts in environmental management, diversified energy systems, economic development, and community development. Given the DDZ’s coastal position, a marine ecologist should also be part of the team. The plan should be developed with a vision of a hundred year sustainable development path, integrating near-term and long-term needs.

In discussing long-term planning at the beginning of this section, we mentioned scenario planning and simulation and modeling tools (both quantitative and qualitative) as two methods that support groups doing master planning of the DDZ. The long-term supply of water is a specific resource issue that is likely to limit the extent of development. In meeting this challenge, an integrative approach is needed for master planning, in terms of the organizations and disciplines it involves and in its consideration of resources available. The land use plan and transportation plan have to be developed with an Eco-Planning approach that helps build a Circular Economy. 

A valuable training resource: The Joslyn Castle Institute for Sustainable Communities, at University of Nebraska, is scheduled to offer sustainable design training for Chinese architects, planners, and engineers, in consultation with the Ministry of Construction. It will be a mandatory course for re-certification by the independent registrations office the MoC has established. JCI Director, Dr. Cecil Steward, has indicated he could adapt aspects of the training to address the needs of the Recycling Economy Plan in order to deal with the planning, design and construction of the built environment. This training could be a very valuable event to start to the master planning process.  Dr. Steward can be reached at Jocelyn Castle Institute, 402/ 472-0087 by fax: 402-475-6675 or by e-mail: csteward@unlnotes.unl.edu. or through Ernest Lowe. 

Apply Integrative Resource Management at “Micro” Levels

The use of an integrated approach to resource management could be applicable and highly cost-effective at a micro level for specific enterprises or facilities in the DDZ. Establishing a regional Circular Economy Research Laboratory would build the capacity of enterprise managers to use integrative systems thinking and could provide direct support to innovations such as the following demonstration project.

A micro demonstration of integrated design could develop and test a Circular Renewal System apartment building or hotel design. This would be a model of integrated resource management applied to design of habitat. Energy efficient building siting and design would be combined with an integrated system for water, sewage and solid waste management and energy generation for resource recovery. 

This system design should be applied in development of housing for employees of the eco-industrial park. The basic elements of this model have been demonstrated by a Taj Hotel in Periyar, India. 

The components of a Circular Renewal System (CRS) for hotels or apartments could include: 

· The building thermal envelope would be sited, designed and constructed for maximum thermal inertia, minimizing needs for energy inputs. Passive lighting with control of heat gain would provide nearly all light during daylight hours.

· The system would capture all organic residues from the apartments rather than using traditional municipal sewage lines and garbage collection. 

· From hygenic storage tanks and bins (with backup capacity) biomaterials could feed into an anerobic digestor and/or an ethanol fermenter. (Cooking oils could also be filtered for use in backup generators.)

· The methane then could serve as fuel supply to building boilers, kitchens, or electricity generation systems. 

· Part of the methane could supply a fuel cell for electricity generation in order to test inclusion of this technology as it evolves to cost-competitive commercial operation. 

· Biodeisel could provide fuel for vehicles for the building operations or possibly for electricity generation.

· Solid residues from processing could be used as compost and fertilizer for the buildings’ landscaping. 

· Liquid effluents from the system could be treated and used on site as gray water, reducing overall water demand of the building.

· Supplemental external power could be derived from wind generators, photovoltaic systems, or solar water heaters on the roof, depending upon the climate.

The Circular Renewal System would integrate three separate functions in the operation of a large hotel or apartment or complex of buildings. In conventional systems, disposal of sewage and garbage are significant costs to management. In this innovative approach, these materials could become dependable internal sources of energy.  If so, management would cut the cost of external energy as well as disposal of wastes significantly. 

Learn from the Eight Action Projects for the DDZ Circular Economy

The Environmental Protection Bureau responded very early to the LCEP by starting eight action projects dealing with high volume and troublesome by-products and wastes. A company or agency took responsibility for each one. Three of these are in operation already, two will be operational later this year, two are still in planning, and one is going through evaluation of technologies. Four of the projects are concerned with a stream of biomass and two with treatment and reuse of water. 

More integrated resource management provides a means of learning from such projects, tracing their interactions and seeking the most effective strategies for addressing the underlying problems. For instance, the power plant fly ash project may gain strength by also dealing with bottom ash and other solid wastes from power plant and boiler operation. The DDZ power plant staff, now in the lead on this project, needs partnership with both public and business leaders in construction and construction products to design a successful business solution to what is now a solid waste management problem. 

The Investment Bureau of the zone has an important role in providing added incentives to companies manufacturing building products and materials from ash. The Planning Bureau has a role, since a site for utilizing the ash from power plants should be quite near the power plant to minimize traffic and transportation costs. In addition, it can set requirements for utilization of ash in DDZ construction projects. Careful monitoring by the EPB of pollutants in the ash and design of products made from it must minimize potential health risks. 

The EPB needs to harvest the learning about integrated resource management gained by its eight excellent action projects. A workshop of the project teams combined with an intranet discussion forum could support this group learning process, while identifying means of improving the outcomes of each project. 

A Dalian Eco-Industrial Park

Supporting Achievement of the Circular Economy 

Background. 

The Dalian Development Zone has taken initial steps toward the development of a Dalian Eco-Industrial Park as required by the Liaoning Circular Economy Plan (LCEP). This project will follow sound environmental and energy saving principles in building construction, in infrastructure design and materials, and in plant operation. In addition it will seek tenants whose products and services will support the DDZ, its companies, and other firms in meeting the requirements of the LCEP. 

An ideal EIP has the following features:

· Infrastructure and buildings are designed, constructed, and managed in accordance with environmentally sound practices, equipment, systems, and materials. 

· EIP tenant enterprises agree to follow international standards in regards to the minimization of pollution and the reuse, recycling, conversion and disposal of waste. 

· Enterprises manage their resources using a life cycle framework so as to optimize their use of water, energy, and materials and minimize environmental damage.  Their practices will include recycling and reuse as well as minimizing waste products that can not be used by other enterprises located in the vicinity.  

· Synergistic linkage of the various enterprises to minimize the use of materials, energy, water, and transportation for a given output of production. Where possible, enterprises exchange by-products not recycled internally.

· Learning within and between tenant enterprises is an essential aspect of the EIP.  To that end, the EIP operates as a learning center on site.

· The EIP serves as a node for the region’s eco-industrial network of operations pursuing sustainable development and the responding to the LCEP.

· EIP Management provides services and leadership to assure that all of these characteristics are reflected over the life of the park.

The planning of the Dalian EIP will seek to embody all of these characteristics. 

The LCEP sets objectives and tasks in regards to the EIP. The relevant objectives and tasks include the following:

· “To apply the concepts of industrial ecology and recycling economy into building EIPs, increase the level and competition of economic development zones . . . and advance the economic transition of resource depleted areas and old industrial areas.” (Second of Major Tasks)

·  “To carry out the EIP construction planning in Dalian Economic and Technological Development Zone, establish the chain connections among those enterprises to enter the park, and promote industrial upgrade in the park . . .

· “To build . . . a group of regional waste and used materials reproduction bases; and build bases for renewable resource recycling and reuse in equipment processing and manufacturing. (Near-term specific objective #4.)

· Improve efficiency of energy, water, and materials use and waste reduction in enterprises (near-term major targets # 2 and 3).

· Industrial water reuse reaching as high as 85 percent. (near-term major targets #2)

· Integrated use rate of industrial solid wastes reaching 50 percent, among which that for flying ash to 55 percent and for coal gangue to 50 percent. (near-term major targets #2)

The EIP design for the DDZ that is described below addresses all of the LCEP objectives and targets. 

Summary of Dalian EIP Concept 

EIP Tenants Match LCEP Requirements

We recommend that the Dalian Eco-Industrial Park recruitment should emphasize three major industrial clusters and an additional supply chain group: 

· Resource recovery firms: These enterprises produce value from major product and material waste flows. They include niche collection, recycling, equipment re-manufacturing, reuse of products and materials, bio-energy generation, composting, etc. (With organic materials 75% of the Dalian municipal waste stream, biomass processing for energy and materials might be one major focus.)

· Alternative energy firms: Tenants offering products and services to increase efficiency of energy use directly serve achievement of Liaoning Circular Economy Plan (LCEP) objectives. Renewable energy firms produce such products as bio-gas and bio-fuel, equipment for wind and solar energy, hydrogen fuel cell transportation and power generation, and energy system integrators. Their presence in the EIP and the DDZ could further a long-range LCEP goal of increasing the efficiency and reducing the environmental burdens of energy generation. R & D and business development in this field could create a platform for emerging sustainable technologies and build the technological know-how required to be competitive. 

· Water technology and service companies: These companies support development of more efficient and integrated water management systems in public infrastructure, commercial buildings, and industrial plants. 

· Information technology for environment companies: 

· Companies in the supply chain of major industries: This recruitment target focuses on local suppliers of environmentally superior materials, components, or services to international and Chinese private firms and state-owned enterprises. In the case of components or sub-assemblies local access reduces transportation costs and environmental burdens. 

Support to DDZ and Dalian in Meeting Targets of the Circular Economy 

The Dalian Eco-Industrial Park would have a clear mission to support the business and social community of the DDZ and of the City of Dalian. This support could include marketing packages of products and services to State Owned Enterprises, multinationals, and government operations; facilitating creation of environmental and energy companies outside the EIP; managing chain connections or by-product exchanges among industries; and furthering social programs that benefit the citizens of the region. 

The EIP’s development strategy could include programs for its tenants to help meet an important State and local priority: the increased efficiency and improved management of State Owned Enterprises (SOEs). With China’s entry to the World Trade Organization, the Government is concerned with achieving a stable transition for the SOEs and their large workforce. (Although the DDZ itself includes relatively few SOEs, Liaoning Province has the largest number of such enterprises in China and their participation is an important part of the LCEP.)  

The management of the Dalian EIP could work with its tenants to create integrated packages of products and services to support significant gains in efficiency of resource use and prevention of pollution by major SOEs in the region. The social implications of the viability of these firms could be important from the Eco-Planning perspective: reducing the loss of jobs and avoiding the resulting impacts on families. Multinationals located in the DDZ might also benefit from such local products and services. 

In some cases the EIP might be home base for tenants that operate facilities located outside the EIP.  For instance, some bioenergy functions need to be close to the source of materials, such as methane generation from sewage sludge. A parallel example is manufacture of building products from fly ash. EIP management might work with DDZ to assure coordination in planning between park tenants and companies in the same industrial clusters outside the EIP. 

Another activity of the EIP and its tenants important to the Circular Economy Plan could be to establish “chain connections” between plants within the park, in the zone as a whole, and in the City of Dalian. Chain connections might occur through the brokering of company to company transactions for by-product utilization or through collection and marketing activities of resource recovery companies. Such chain connections require electronic databases of materials available and support needed. With small flows of materials from many individual plants, an intermediary company might be cost-effective for the collection and accumulation of usable volumes.

Site Planning and Infrastructure

The physical design of the EIP site, infrastructure, and buildings for the Dalian Eco-Industrial Park would maximize energy efficiency in the design of infrastructure and buildings through optimal siting, building envelope efficiency, co-generation, energy or water cascading, and equipment choices. It would use renewable energy and material sources wherever feasible. Construction of the park will follow best environmental practices in materials selection and building technology. The EIP complex would also include demonstration applications of emerging environmental technologies to further research and public education. 

The whole site will be conceived to function as an educational showcase for Eco-City Planning and the Recycling Economy. Signage, exhibits, and classes will enable visitors to see sustainable design and advanced environmental and energy technologies in action. 

Site landscaping plan should use species native to the Dalian region as much as possible. Drought-tolerant species minimize water consumption. Trees and shrubs improve micro-climates and energy efficiency by acting as shade and windbreaks. Enough trees can have a major cooling effect in the whole site. Carefully designed landscaping also reduces erosion and adds to biodiversity, which encourages wildlife settlement. Vegetation with appropriate species in wetlands helps filter pollutants from stormwater runoff. Generally native plant landscaping reduces maintenance costs.

Three aspects of the EIP’s physical infrastructure would enhance its contribution to the success of its tenants as well as implementation of DDZ Eco-Planning and the RE Plan: The Commons Building and EIP Headquarters, The R&D Center, and the Business Incubator. We will discuss these facilities below under support services. 

Materials Recovery Facilty

EIP infrastructure will incorporate a materials recovery facility (MRF) for sorting of materials and used products and routing to the appropriate user in the park. The logistics of internal roads and the MRF will facilitate distribution and storage of niche materials such as surplus construction materials. Proximity of the park to main highways will facilitate moving materials in and out of it.  

Employee housing

The housing for EIP employees could demonstrate a Circular Renewal System apartment building design. This would be a model of integrated resource management applied to design of habitat. Energy efficient building design would be combined with a system for sewage and solid waste management and energy generation. See the description of this system under Integrated Resource Management.  

Recruitment Strategy and Targets

Recruitment to eco-industrial parks must meet the basic requirement of successful real estate development to fill the land in a timely manner. At the same time a strong value of eco-industrial development is supporting development of local firms and not focusing exclusively on international companies. Many effective Chinese technologies in the Dalian EIP’s target areas are being commercialized. Successful domestic firms usually contribute more to local economic and social development.  

With these values in mind,  EIP recruitment strategy will balance three types of candidates in the core recruitment clusters:

· International firms in the target clusters able to set up plants under foreign direct investment. 

· Chinese entrepreneurs with technologies ready for commercialization or expansion.

· Chinese ventures or joint ventures formed with technology and business model transfer from overseas companies.

Weaknesses in US, European, and Japanese economies at this time make it hard to predict how the balance between these types of tenants will evolve. On the one hand, the demand for environmental and energy products and services is strong in China and particularly in this Province and other coastal areas. Building infrastructure for the 2008 Olympics in Beijing itself is creating strong markets. This demand is a strong attraction for US and European companies to set up plants in Dalian, particularly innovative environmental and energy divisions of major corporations like GM or Daimler. 

On the other hand, severe losses in stock market value for large overseas companies and the instability of innovative smaller firms struggling to stay alive in this economy makes foreign direct investment in China more difficult. Access to Chinese capital sources and extra incentives may be needed to attract such foreign companies to the EIP until present international economic difficulties are resolved. 

These uncertainties support taking a balanced approach and testing to see whether domestic companies with their own technologies and Chinese entrepreneurs receiving technology transfer from abroad can constitute a significant share of the tenants in the EIP. At the same time there are likely to be international firms who are eager to come into a strong market for their environmental products and services. First rounds of tenants from international and domestic sources would enable the park to be successfully operating at the time when international conditions become more favorable. This success would be a clear demonstration that the markets are available in China to attract greater foreign direct investment. 

The EIP business services and especially the incubator described below would play an important role in recruitment. Major firms would see it as a source of service providers and supply chain partners important to their successful operation. It would enable smaller firms with innovative technologies to play a significant role in the development of the EIP.   

Market Research

While it is clear that the Liaoning Circular Economy Plan and the National Cleaner Production law create markets for companies in the EIP’s target clusters, the recruitment team will have to conduct market research to indicate the size of market for different types of companies and identify existing local firms already serving these markets. The specific demand for products and services has to be documented in order to successfully attract firms to the EIP.  

The following sections summarize the three primary recruitment clusters of Resource Recovery, Alternative Energy, and Water Management, as well as the additional target group of firms in the supply chains of major companies in the DDZ and Dalian.

Resource Recovery Cluster

This recruitment cluster for the Dalian Eco-Industrial Park will contribute directly to the goal of developing a Recycling Economy in the DDZ The EIP will promote long-term business development in the recycling and reuse of now discarded materials. 

Resource recovery candidates to be considered include the following:

· Niche collectors who gather specific by-product streams like plastics, paper, glass, food scrap, solvents, cooking oils, and metals will require parking and office space. 

· Recycling companies that process plastics, glass, and metals to generate usable feedstock. 

· Plants manufacturing products from recycled materials (for example, a plant to make mats from tires or to shred tires into crumb rubber and steel; a factory to make building products from recycled paper, plastics, or wood). 

· Manufacturing industries that use the outputs of other firms in the EIP to make recycled glass, plastic, and metal products. For instance, recycled plastic bins for recycling in factories, public facilities, and homes could be one major type of product of such industries.

· Remanufacturing companies that rehabilitate and upgrade used equipment for industrial, commercial, government, and home customers.  

· Retail outlets to market used products. A construction yard to sell usable materials from construction surplus and demolition.   

· A computer and electronics disassembly plant that processes products that can no longer be used. (Careful process design is required to meet high environmental and health standards and avoid the pollution often generated by such facilities.) 

Dongtai Industrial Waste Company in the DDZ has assumed leadership in some of these areas such as electronics collection and disassembly. This expanding company also re-refines solvents for re-use by manufacturers as well as processing hazardous materials.

The LCEP calls for development of eco-chains or by-product exchanges to encourage utilization of by-products among industries. Experience in North America has indicated that companies’ transaction costs of trading outputs not within the normal product range are an obstacle to this. A possible means of reducing such costs and streamlining utilization of by-products is to create a by-product utility in the Dalian EIP. This company would manage by-product energy, water, and materials procurement and disposal for its client companies. Its advantage lies in the capability and experience concentrated on by-product utilization and the firm’s ability to accumulate economic quantities of materials. By making this its core business, the utility could handle the technical, business, and economic issues of by-product utilization. It also would become a force in the political economy, supporting regulations and land fill fees that discourage wasting and increase the value of by-products. 

Alternative Energy Cluster

Inclusion of energy efficiency technologies and services help DDZ and Dalian firms fulfill requirements of the LCEP directly, while renewable energy companies relate to it more indirectly. Companies in this cluster help create a long-range development path that enables the local economy to evolve new technologies and gain competitive advantage by moving up the technology learning curve before other cities.   

The primary categories for alternative energy business development include the following:

· Energy service companies for energy efficiency and conservation 

· Manufacturers of equipment to support energy efficiency 

· Manufacturers of equipment for renewable energy

· Wind energy generators and support equipment

· Photovoltaic cells 

· Fuel cells for energy generation and transportation

· Solar water heaters

· Biomass energy 

· Ocean energy from waves and thermal gradient

· System integration – design, installation, and maintenance

· Facilities generating renewable energy with many of the technologies outlined above.

This cluster is described in greater detail later in the report under the section on Diversified Energy Strategy. 

Water Management Cluster

The Dalian region is experiencing a water crisis that calls for much more effective management of this scarce resource. This crisis is shared by many other regions in Northern China and requires systems level solutions. A water management recruitment cluster in the EIP, integrated with other firms in the DDZ, would manufacture equipment and provide services to increase the efficiency of water use, re-use and treatment, in municipal, industrial, commercial, and residential systems. 

Recruitment would focus on companies with products and services for:

· Industrial, commercial, and home equipment that reduces water demand

· Secondary water distribution systems (gray or middle water)

· Ecological water treatment systems, including constructed wetlands and Living Machines 

· Water purification technologies, including toxic cleanup and home purification.

· Coastal energy systems for water treatment (salt gradient solar ponds, tidal and wave energy, etc.). 

· Integrated water management consulting and engineering.

Resource Service Companies could provide packages of integrated solutions to industrial, government, and commercial clients. These could include audits and systems of water efficient hardware, conservation management practices, and system engineering.

Information Technology for Environment Cluster 

Supply Chain Group

This recruitment target focuses on local suppliers of environmentally superior materials, components, or services to international and Chinese private firms and state-owned enterprises. Companies in this group could be competitive with overseas suppliers because of their knowledge of local conditions and reductions in shipping costs for components and sub-assemblies. Reduction of transportation requirements yields another environmental benefit. These tenants would serve major firms in Dalian and the DDZ, e.g. food processing, pharmaceutical, automotive, electronics, petrochemical processing, etc.
Some Typical Candidate Companies for Dalian EIP  

Major multinationals active in our recruitment clusters include units and subsidiaries in:

· Daimler-Chrysler (German company developing hydrogen fuel cell for transportation and energy)

· BP-Solarex  (UK-US company with largest solar photovoltaic investments)

· General Motors (Energy Conversion Devices for energy and water systems) 

Small to medium firms who could be source of technologies:

· Lightridge Resources, a US firm that optimizes all resource use in industrial firms and utilities, including by-product utilization

· Global Thermal-Electric (Canadian firm making fuel cells with both thermal and electric output) 

· Living Machines (a US firm that develops integrated ecologically-based water treatment systems)

· Parallel Products and Arkenol (US firms that converts biomass by-products into ethanol).

EIP Service Facilities

The Commons Building and EIP Headquarters

A commons building will house EIP management and provide space for meetings and training, a testing laboratory to meet client’s special needs, offices for service firms and public service organizations, and other common resources. A restaurant and dining hall would serve quality meals from organically grown meat, produce, and fruits. 

The R&D Center 

If the DDZ decides to establish a regional Circular Economy Research Laboratory, this might be located in the EIP. (See detail of this option under Integrated Resource Management System.) 

Otherwise, a research and development center would track advances in the technologies represented by the park tenants and conduct market research.  Its applied research would support the evolution of these companies and the establishment of new ones based on emerging technologies. 

Business Incubator

The EIP complex will feature a business incubator for start-up firms as well as ones ready for major expansion. These companies may be joint ventures between Chinese entrepreneurs and smaller foreign companies in the industrial clusters of the EIP. The incubator would enhance the business success of startup and expanding firms in the EIP’s target clusters through business services, access to capital and experienced guidance, and synergy among its tenants. 

Development of the business incubator through a Public Private Partnership mobilizes direct financial and in-kind support from stakeholders who will benefit from the new businesses it supports. 

An incubator in the Dalian EIP could help entrepreneurs in several areas: 

· Support in venture financing through business plan development or evaluation, access to venture capital funds and public sources of venture funding, and dedicated funds structured for the EIP.

· Support in marketing, legal services, accounting, organization design and other business capabilities.

· Access to common legal, secretarial, and bookkeeping services and office and telecommunications equipment.

· Collaboration among businesses in the shared facility.

· Access to timely information on markets and emerging technical opportunities.

· Access to managerial training and coaching in business skills onsite and through local schools.

· Mentoring from entrepreneurs in the region.

Potential investors see participation in an effective incubator as a factor that will increase the success rate of new ventures. Research by the US-based National Business Incubator Association indicates a very high success rate for incubator supported enterprises, compared to startups without this systematic support. 

The DDZ and EIP development company can work together to mobilize a combination of public and private sources to provide startup funding for the incubator. Local utilities and banks have significant self-interest in seeing new businesses succeed and have helped seed the development of incubators in many areas. The usual sources of public grants are industrial development agencies and international development banks. The Ministry of Science and Technology, the State EPA, and Liaoning counterpart agencies may be sources, along with agencies such as the Ministry of Commerce. The budget for the incubator needs to cover:

· Forming of strategic public/private partnerships; 

· Strategic planning and design, giving a focus and timeline;

· Feasibility study and budgeting of the operating entity;

· Identification and due diligence on candidate ventures;

· Space and equipment;

· Staffing.

“Such a system can nurture start-up and newly established firms by providing the above-mentioned services and office space on a shared, affordable basis. However, at its core is the financial, marketing and design support and the managerial training it gives to the emerging entrepreneur. Another by-product of a business incubator is the internal dynamics that come from working together in a shared physical space: the joint and cross-disciplinary learning that takes place and the opportunity to form the business networks and contacts are also critical to the launch of successful ventures.”  UNIDO incubator web site: http://www.unido.org/stdoc.cfm?did=300456  
Action Steps so Far

The DDZ has already taken action steps towards the development of the EIP:

· The DDZ Planning Bureau has reserved an initial parcel of land of 83 hectares situated at the gateway to the newly expanded area of the Zone. 

· The DDZ Investment Bureau has negotiated favorable terms of use for this land in order to make planning and recruitment for it feasible. This may be through a public-private collaboration.  

· The DDZ Eco-Planning Process includes definition of a development and recruitment strategy for this EIP addressing the requirements of the Liaoning Circular Economy Plan for the DDZ, Dalian, and the region. 

· The Planning, Investment, and Environmental Protection Bureaus have secured a commitment from Ernest Lowe, a leading international expert on Eco-Industrial Parks, to live in the DDZ for at least six months to help advance the EIP planning, investment, and recruitment process. 

· Earlier the DDZ built a conceptual platform for development of the EIP through participation in the United Nations Environmental Program project on the Environmental Management of Industrial Estates. (2001 July to 2002 May)

Recommended Actions

There is a business transition in which the original EIP planning organization, RPP International, has joined with Sustainable Systems Inc., another California firm. The new venture brings stronger resources for EIP planning, recruitment, and management. 

The process of negotiation to develop favorable terms for the EIP land has led to the DDZ assuming the role of land developer, with EIP planning, recruitment, and management supplied as consulting and services to the DDZ. 

We recommend that the zone outsource the management function, at least in the first years, in order to assure that the unique management system required for an EIP is implemented and fully functional. This arrangement might still allocate basic site and infrastructure maintenance to the DDZ. The EIP management company would focus on completing recruitment, provision of business support services, and facilitating creation of integrated systems the tenants would offer to clients. 

The DDZ Investment and Planning Bureaus should identify alternative sites for the EIP. The 83 hectare site now proposed may or may not be an optimal location for the EIP. Its terrain is relatively steep, includes a significant flood plain area, and is exposed to the potential risk of the reservoir flooding. Potential tenants would be concerned with that risk.  

The worldwide SARS epidemic and the large concentration of cases in China creates an obstacle to recruitment, hopefully a short-term one. Even though Dalian has not experienced a major outbreak, it is likely to be months before plant site selection teams will be willing to visit the EIP. 

Until the SARS situation is under control, a recruitment effort could use sophisticated telecommunications tools to start the process for the EIP and for other sites in the DDZ. The DDZ would need to play a role in developing the Chinese side of an internet-based communications, project management, and knowledge management system to support project planning as well as recruitment. Sustainable Systems Inc. manages a Telecommunications Cluster including companies that could support design of the US side of the system. It would be important to quickly integrate existing tools and services into a system that could start functioning in the next months. 

Creating a Sustainable Diversified Energy Strategy

The Need for a Diversified Energy Strategy

The Dalian Development Zone has set a target of 26% growth in GDP over the next ten years. This rapid growth will require a major expansion of energy availability, through some combination of energy efficiency, energy conservation, installation of renewable energy sources, and improved ‘conventional’ energy sources. If the increased demand is met only through conventional fossil fuel sources, the environmental burden will be massive, even with major improvements in combustion technology. 

Therefore we recommend that the DDZ develop a diversified energy strategy in order to reduce the environmental burdens from the energy needed for its growth. This strategy would help meet LCEP targets for energy efficiency directly and indirectly. Renewable sources also help reduce pollution from fossil fuel sources. 

Basic elements of a diversified energy strategy include: 

· Increase efficiency of energy production and use to offset increased demand due to DDZ growth.

· Meet an increasing portion of energy needs through development and application of renewable energy technologies.

· Use alternative energy strategies to reduce the local and global environmental impacts of the zone’s growth.

· Adopt clean coal practices and technologies to lower the impacts of present energy sources.

The Liaoning Province Circular Economy Plan (LCEP) sets targets for efficiency of industry energy usage in general and for several sectors of heavy industry. The national tenth Five Year Plan sets a goal of 5.5% of China’s energy supply being from renewable sources. The Ministry of Science and Technology’s Framework for Sustainable Development allocates support for both R & D and business development in alternative energy. 

At the international level the threat of global warming from greenhouse gases has stimulated innovative economic mechanisms for supporting energy efficiency and the use of renewable energy systems. Through emissions trading schemes it is possible for a company in a developed country to invest in a facility located in China to gain a major improvement in efficiency and reduction of greenhouse gases. This provides a higher benefit than using the same investment to gain only a small improvement at home. 

There are funds, such as the Global Environment Facility at World Bank, that invest in use of renewable energy equipment in developing countries. A growing number of resources are available for reduction of greenhouse gas emissions, including ones financing new renewable energy ventures. 

In China domestic and international teams are doing outstanding work developing alternative energy technologies, demonstration projects, and energy policies. Biomass processing is one technology for renewable energy of special significance for Dalian. Major higher value outputs of a biomass processing system are bio-gas and bio-fuel, as well as a number of material products. The zone sewage treatment plant is already developing plans for a bio-gas plant using its sludge. There are wind power installations on offshore islands and good wind potential at other local sites. The operation of the West Pacific petrochemical refinery incorporates energy efficiency and pollution prevention practices usually found only in advanced refineries in the developed world. 

With the international incentives and these Chinese innovations, it appears that there is a strong basis for the DDZ to set a significant goal: to become a leading Chinese and world center for applying energy efficiency and renewable energy technologies.
There is even a potential market advantage in the West. Areas with an underdeveloped grid, such as the western provinces, may find distributed renewable sources to be cost competitive with fossil fuel sources. By avoiding the costs of large power plants and a major power gird, the cost of distributed systems become affordable. This would be particularly true for systems integrating different renewable sources with energy efficient design of new buildings and industrial processes. 

Our scenario for a Circular Renewal System for new hotels and apartment complexes goes one step beyond this by suggesting that sewage and solid waste management systems be integrated with energy generation and design for efficiency (in this report’s Integrated Resource Management Section). With several new towns going up in the West each year, this region offers major opportunities to firms providing renewable energy and energy efficiency.  

The primary categories for alternative energy business development include the following:

· Energy service companies for energy efficiency and conservation 

· Manufacturers of equipment to support energy efficiency 

· Manufacturers of equipment for renewable energy

· Wind energy generators and support equipment

· Photovoltaic cells 

· Fuel cells for energy generation and transportation

· Solar water heaters

· Biomass energy 

· Ocean energy from waves and thermal gradient

· System integration – design, installation, and maintenance

· Facilities generating renewable energy with many of the technologies outlined above.

Potential Energy Efficiency and Conservation Options

A focus on diversified energy companies in the DDZ and the EIP will help meet critical needs for the long-term development of a Circular Economy. The LCEP addresses energy usage of heavy industries. Increases in the efficiency of energy use in industry, commerce, government, and households directly meet its demand for higher productivity per unit of energy input. Energy service companies (ESCos) provide audits, consulting, engineering design, and implementation packages to major clients that increase the energy efficiency and profitability of their operations. Such firms could play a major role in the DDZ and in Dalian, especially serving state-owned enterprises, large buildings and hotels. 

The potential market for energy efficiency products and services in China is large because higher efficiency cuts the costs of energy and the environmental impacts of its production. Companies seeking to tap this market will find support from environmental finance structures, including those seeking to mitigate greenhouse gas emissions. Through greater efficiency in use of energy and other resources, state owned enterprises in Dalian and elsewhere in the northeast could become more competitive as foreign companies enter China under WTO. Investments in energy efficiency are generally paid back within three to five years through the cost savings. 

The DDZ could help implement the Circular Economy by offering incentives to two classes of companies in energy efficiency: 

· Energy service companies conduct energy audits, design more efficient energy systems for new and existing buildings or processes, and play a key role in design of systems for co-generation and cascading of energy from one quality of use to another. Such ESCos often offer to design, build, and finance performance-guaranteed system improvements. Many also offer training in energy conservation behavior for both industry and commerce. (Energy services could be part of a comprehensive Resource Service Company that also works to optimize water and materials efficiency.) 

· Manufacturers of energy efficiency equipment include those producing more efficient lighting, heating, ventilation and air conditioning systems, appliances, insulation, windows, industrial and office equipment, and energy use sensors. 

Potential Renewable Energy Options

DDZ’s encouragement of companies that manufacture renewable energy equipment, operate renewable energy generation systems, and provide systems integration could achieve several results important to the Circular Economy and local economic development: 

· With advanced systems design, renewable energy systems could be less polluting and more resource efficient than fossil fuel-based energy. (Pollution avoided or reduced includes nitrogen, mercury, sulfur, and greenhouse gas emissions.) 

· New enterprise and job creation would demonstrate the economic benefits of the Circular Economy. 

· Local capacity could become strong in designing, constructing, managing, and maintaining these emerging technologies.. 

· The entrepreneurial and worker skills gained would create a local competitive advantage in this emerging industry. Managers, technical specialists, and researchers could all be advanced on this important learning curve as the technologies become fully cost-competitive with fossil fuel energy. (Advanced wind power is close to this point now.)

· Bio-fuel and bio-gas technologies could divert organic materials from landfills while creating renewable energy, a dual benefit.

Zone encouragement to alternative energy firms could include procurement of renewable systems, scientific resource-assessment, systems engineering and design coordination, construction, startup, maintenance and upgrades. 

Some Promising Renewable Technologies

· Solar energy could be harnessed on a hierarchy of levels, from passive heating and lighting to active thermal and photovoltaic energy production.  Solar design principles could become basic to all town and building planning and design throughout future development. 

· Geothermal, wind and other currently-competitive alternative energy technologies could complement other renewable energy resources at appropriate locations, possibly offering profound environmental gains over conventional fossil fuel resources.

· Ocean-generated energy (wave, temperature differential, chemical gradients, etc.) could power environmental restoration, water treatment for coastal waters protection, water purification for human consumption (e.g., desalination), and habitat improvement projects that also protect aquaculture and fisheries.

· Fuel cells fed initially by fossil fuel gases (eventually from renewable-energy-produced hydrogen) could power the future of Dalian and China through the innovative research and development advantage inherent in the DDZ’s positioning, relative to global technological change.  

· Bio-fuel and bio-gas technologies are considered below. 

Design, Installation, and Maintenance of Integrated Systems

In the next decade the feasibility of using renewable energy could be enhanced by integrating two or more of the technologies needed in order to best meet a specific site’s needs. A company serving as energy systems integrator would assess the customer’s energy requirements and budgets, determine energy efficiency strategies that can reduce the demand, select the optimum combination of renewable sources, and coordinate installation of the system. It may also negotiate financing and sales of excess energy to utilities. Depending upon the tax structure and incentives provided, such a company could conceivably operate as a distributed utility, owning the equipment and selling the energy services. 

Specialty engineering services could offer resource assessment, feasibility studies, cost analysis, planning, design, project coordination and installation/startup contracting services, as well as energy service company models of design, build, and finance of performance-guaranteed renewable systems and system improvements.

Biomass Processing 

Over seventy percent of Dalian’s waste stream is biomass, most of it discarded in landfill. Industries, public operations, and households waste valuable natural resources at a significant cost to the economy. Only a few types of discarded biomass are now recovered, such as landscaping discards to compost and a portion of food scraps for animal feed. Most current recovery of biomass discards operates at a relatively low economic value while waste disposal costs are a continuing drain on public budgets. 

Although the Liaoning Circular Economy Plan does not emphasize management of organic wastes, DDZ planning for the LCEP offers a major opportunity to demonstrate a systems approach to achieving the objectives of this provincial plan while creating excellent economic benefits. Biomass processing technologies generate green energy and materials while diverting a major urban waste stream from the landfill. This yields a double economic benefit of renewable products plus avoided public costs. This dual benefit must be calculated in evaluating potential projects. Four of the zone’s eight LCEP pilot projects already target specific types of biomass discards (garbage, paper, wood, and sewage sludge from water treatment plants).

Although a great deal of research has focused on biomass processing in China as well as internationally, this is still an emerging set of technologies and many are not yet commercially feasible. The economics of this field are likely to improve through integration of technologies into biorefineries and through linking biorefineries to petrochemical refineries. Even without these integrative steps, the avoided costs of waste disposal could help subsidize biomass products to support their competitiveness.   

The Dalian Development Zone could become China’s center for high value conversion of biomass to both energy and materials. It could become a source of system design services and technologies to offer commercially throughout China. An initiative to do this could attract financing from development banks, Chinese public and private sources, and international firms as well as from sale of greenhouse gas credits. 

Potential products from biomass

Energy products include: 

· Bio-fuels such as ethanol, methanol, and biodeisel 

· Bio-gas includes methane and hydrogen

· Biomass heat is generated by stack heat and steam and heat from combustion. 

Material products include: 

Organic chemical feedstocks and products

· Feedstocks for chemical and other product formulation, including polymers, non-polymers produced from lignocellulose, or its components of cellulose, lignin, and hemicellulose. 

· Final products such as ketones, alcohols, glucose, furfural, and organic acids.

Building products

· Fibre board 

· Particle board 

· Laminated beams

· Wood or paper and plastic composite materials

Soil amendments

· Compost 

· Specific chemicals and materials required for soil building

· Nitrogen from sewage 

· Other soil amendments

Animal and pet food

There are major research efforts focused on biomass conversion in China, North America, and Europe for creating bio-gas, bio-fuel, and bio-deisel from either virgin or discarded biomass. Biomass processing technologies can also produce a broad range of green chemicals and materials from discarded biomass. Major and minor chemical companies in Europe and North America are investing in research and development because of continuing risks of major petrochemical products being banned from the market. 

A number of emerging technologies should be considered for testing and development. Two levels of economic development can be pursued: attraction of companies manufacturing the equipment and development of the energy companies that use local biomass for generation. 

Some of the leading development opportunities in this area include: 

· An ethanol fermentation plant using crop and food residues, or specific bioenergy crops as input. 

· A facility producing methane and fertilizer from animal manure or sewage sludge with anerobic or aerobic digestors. Generators utilize the methane to produce electricity. It can also be used as direct input to some types of fuel cells or cracked to yield hydrogen for other cells. (One of the DDZ’s first eight action projects for the Circular Economy is a digestor at the sewage plant.)

· Fuel cell technology to produce energy could play a vital research and development function in a biomass system. Hydrogen can be produced directly from some processes or from methane. Fuel cells can play an important role in storing energy from other renewable systems, such as wind power and solar. 

· Firms manufacturing biomass processing equipment would produce fermentation equipment for ethanol, digestors to produce methane, generators to burn methane, and bulk materials transport and handling equipment. 

Potential Options for “Clean” Coal Use

 “Clean coal” technologies constitute an active area of research, already under evaluation in Dalian, both for electricity generation and for fueling industries.  This a critical transitional strategy should be an important part of the region’s and the DDZ’s overall energy strategy.  Clean coal technologies can provide significant environmental and efficiency advantages over conventional, pulverized coal combustion, even with pollution control enhancements, in the transition to the Circular Economy:  

· Integrated gasification coal combustion (IGCC) is globally well-established technology that offers dramatic reductions of emissions (sulfur, mercury, nitrogen oxides, CO2 capture potential) with improved energy conversion efficiency

· Circulating fluidized bed (CFB) combustion is well-established technology that offers significant reductions of particulate, sulfur oxide, nitrogen oxide and other pollutant emissions.

· Carbon sequestration is still an emerging field that has not yet proven commercially feasible. Methods for capturing CO2 emissions and preventing their release to the atmosphere is a field of research important to clean coal strategies. 

Possible Action Steps 

For the last decade Chinese energy policy has been a growth industry for State agencies, Beijing think tanks, Chinese universities, and foreign research labs and NGOs. This effort has generated a significant inventory of actual and potential policy measures to encourage energy efficiency and development of renewable energy. (See table below.) 

Developing a sustainable diversified energy strategy for the DDZ requires a number of steps at policy level, but only some options are within the zone’s normal authority. However, State energy policies and laws frequently leave space for local jurisdictions to create innovative programs, especially when they exceed targets set at the national level. 

The DDZ should explore the potential for augmenting its long-standing economic and technological development mission to include a diversified energy development role. Perhaps it could apply for a special jurisdictional status enabling it to utilize the most promising policies for promoting efficient and renewable energy. It could become a practical testbed for policy, technology, and business development in this field. This would have very strong implications for the evolution of the Circular Economy since the LCEP is relatively limited on energy issues so far. This could help China assume a major global leadership role and fill a significant vacuum. 

Alternative Energy Portfolio Standard

This strategy for diversification of sources would center on developing and implementing an ‘alternative energy portfolio standard,’ to include:

· Targets and incentives for increases in efficiency of energy production and usage, consumption efficiency, and supply from renewable energy sources;

· Incentives for energy efficiency related venture development;

· Incentives and other support for establishing enterprises manufacturing renewable energy equipment, assembling systems, or generating energy;

· Public investments that leverage private investment in alternative energy companies;

· Procuring equipment, services, and energy from alternative energy companies in the zone;

· Supporting R & D on renewable energy technologies and energy efficiency practices.

At the end of this section is a worksheet to develop alternative scenarios for policy targets for change over time from present heavy dependence on fossil fuels to an alternative energy economy. To fill in such tables, policy makers project different rates of emergence of each technology to full commercial viability and the capacity for investment to bring each one online.

Renewable Energy Policy Mechanisms

LEGAL & REGULATORY:

Integrated Resource Planning

Transmission/Interconnection Rights and Requirements

Energy Tariffs (e.g. Buy-back rates, net metering)

Mandatory Purchases (e.g. Set asides/PURPA/Feed-in Laws/NFFO)

Pollution Laws

Resource Laws

Equipment/Housing Codes and Standards

Standard Offer Contracts

Licenses and Permits

ECONOMIC INCENTIVES:

Low-interest Loans and Loan Guarantees

Investment and Production Tax Credits (Individuals/Corporations)

Resource Credits (e.g. Depletion Allowances)

Price Discounts and Customer Rebates

Tax Reductions (e.g. VAT, Import Tariffs)

Streamlined Financing Process

Other Subsidies (e.g. fuel enrichment/disposal, transportation)
SPECIAL REVENUE SOURCES:

Pollution Taxes

Wires Fees (e.g. System Benefits Charge/NFFO)

Emissions Credit Trading

MARKET PROMOTION:

Resource Assessment

Research Development & Demonstration

Competitive Bidding

Mandatory Purchases (e.g. Feed-in Laws, RPS and NFFO)

Green Marketing

Certification, Testing and Labeling

Public Education and Information

Government Purchases
Source: Zhang Zhengming et al. Renewable Energy Development in China: The Potential and the Challenges, A report supported by the China Renewable Energy Program.  (Energy Foundation report available in Chinese and English http://www.efchina.org )

An important additional innovation would be use of full cost accounting to set energy prices and in evaluate investments for new energy sources. This approach calculates the external social and environmental costs of technology choices as part of any cost-benefit analysis. 

Alternative Energy Portfolio Standards: a scenario worksheet for DDZ


percent of whole


present
2010
2015
2020
2030
2040
2050

Conventional pulverized coal combustion w/o combustion improvements, scrubbing
%
%
%
%
%
%
%

Conventional pulverized coal generation with combustion improvements, scrubbing
%
%
%
%
%
%
%

Integrated gas coal combustion (IGCC)
%
%
%
%
%
%
%

Circulating fluidized bed (CFB) combustion coal
%
%
%
%
%
%
%

Municipal solid waste gasification & landfill gas 
%
%
%
%
%
%
%

Other biomass energy
%
%
%
%
%
%
%

Hydrogen fuel cell 
%
%
%
%
%
%
%

Solar generated power
%
%
%
%
%
%
%

Geothermal power
%
%
%
%
%
%
%

Ocean-generated power
%
%
%
%
%
%
%

Wind-generated power
%
%
%
%
%
%
%

Hydropower
%
%
%
%
%
%
%

Avoided demand through efficiency and conservation (relative to 2005 baseline)
%
%
%
%
%
%
%










TOTALS
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%

Typical Renewable Energy Developmental Phases

Phase I. Research, Development and Demonstration of New Technologies

* Resource Assessment

* Technology Development and Demonstration

Phase II. Wholesale Market Development

* Establishment of stable wholesale market rules and processes

* Establishment of companies willing and able to undertake resource development (usually IPPs)

* Establishment of manufacturing facilities

* Development of a financing framework

Phase III. Cost Reduction

* Project experience (multiple projects by individual companies)

* Increased manufacturing volume

* Development of related infrastructure and service companies to support the technology

* Standardized product

Phase IV. Price Reduction

* Assured volume/long-term opportunities

* Competitive market

Phase V. Retail Market Development

* Clear market rules

* Four or more individual companies

* Public education/information
Source: Zhang Zhengming et al. Renewable Energy Development in China: The Potential and the Challenges, A report supported by the China Renewable Energy Program.  (Energy Foundation report available in Chinese and English http://www.efchina.org )

Conclusions 

This progress report on Eco-Planning in the DDZ has emphasized three high leverage initiatives that would support implementation of the Liaoning Circular Economy Plan (LCEP) in the Zone and in the Dalian region: a more Integrated Resource Management System, development of the Dalian Eco-Industrial Park, and creation of a Sustainable Diversified Energy Strategy. 

A More Integrated Resource Management System

Development of a more Integrated Resource Management System would create a local institutional process for Circular Economy activities, strengthen capabilities in existing institutions, conduct research on conceptual as well as technological issues, and engage citizen groups and households in the learning process. This IRMS would encourage practice of an integrative systems approach across a number of critical dimensions: 1) short-term to long-term, 2) local to regional to provincial to national to global, 3) agency to agency, 4) public to private to civic, and 5) upstream to downstream in the production/consumption/reuse cycle. 

Recommendations for IRMS

DDZ management should explore the feasibility of establishing a Regional Circular Economy Research Laboratory as an institution to lead formation of the Integrated Resource Management System. This could draw upon resources of SEPA’s state-level CE Laboratory, as well as resources in Liaoning. It would play a central role in realizing the other initiatives and fulfilling the vision of the Circular Economy. 

Establish coordinating networks and organizations such as inter-agency task forces, a Circular Economy Business Association, and eco-industrial networks.

Adopt full-cost accounting and system indicators to enable evaluation of progress toward a Circular Economy. 

Use the integrative approach in the new master planning process for the DDZ to link land use planning with Circular Economy and Eco-Planning values and knowledge. 

Demonstrate integrated resource management through design of a Circular Renewal System apartment building or hotel project. Energy efficient siting and design would be combined with an integrated system for water, sewage and solid waste management and energy generation for resource recovery.

Use the eight CE action projects as a source of learning about integrative resource management through a workshop and intranet discussion. 

Dalian Eco-Industrial Park

A Dalian Eco-Industrial Park would meet a specific requirement stated in the Liaoning Circular Economy Plan. The recruitment strategy for the DEIP would focus on companies that directly and indirectly satisfy many requirements of the LCEP. Target clusters include resource recovery (niche collection, recycling, reuse, re-manufacturing); alternative energy (services and equipment for energy efficiency and conservation and renewable energy sources); technologies and services for efficient water use, reuse, and conservation. DEIP management could support tenants in creating integrated packages of products and services to help state owned enterprises, private Chinese firms, and multinationals to meet the objectives of the LCEP. 

Recommendations for Dalian EIP

DDZ Investment Bureau and Sustainable Systems Inc. need to complete negotiations on terms for planning and recruitment. 

The DDZ should consider outsourcing the EIP management function, at least in the first years, in order to assure that the unique management system required for an EIP is implemented and fully functional. This arrangement might still allocate basic site and infrastructure maintenance to the DDZ. The EIP management company would focus on completing recruitment, provision of business support services, and facilitating creation of integrated systems the tenants would offer to clients. 

The DDZ Investment and Planning Bureaus should identify alternative sites for the EIP to assure that a fully suitable site is chosen.

Until the SARS epidemic is under control the EIP recruitment effort could use sophisticated telecommunications tools to start the process for the EIP and for other sites in the DDZ. The DDZ needs to play a role in developing the Chinese side of an internet-based communications, project management, and knowledge management system to support project planning as well as recruitment.

Create a Sustainable Diversified Energy Strategy

The DDZ’s expansion and aggressive economic growth targets require a broad initiative for a Sustainable Diversified Energy Strategy to manage the energy and environmental issues of this rapid development. The Zone could directly and indirectly meet requirements of the LCEP by strengthening policies, economic development, and R & D for both energy efficiency and conservation and for application of renewable energy sources. The competitive advantage gained in these emerging technologies could have long-term economic and environmental benefits. Local and regional industries, commercial establishments, and government operations could be better able to meet and surpass the energy efficiency and conservation targets of the LCEP.

The very large proportion of organic municipal solid waste going to the Dalian landfill (74%) suggests a long-term integrative project for biomass conversion of organic discards. Biomass processing can yield a wide range of energy as well as material products and divert a significant share of the economy’s wastes into useful functions. The DDZ is already implementing four action projects to handle specific biomass discards (including sewage sludge, municipal garbage, and selected paper and wood discards). These projects offer a base for developing a broader policy and strategy for R & D and economic development to create a systems solution with implications for large cities across China and around the world. 

These initiatives are very closely interrelated. The Integrated Resource Management System would provide the local capacity development and research needed for planning of the other initiatives to proceed in a systems context. The Dalian Eco-Industrial Park is an important node in the IRMS, with its tenants supporting gains in resource efficiency in all sectors. It could be home to some of the new companies in Alternative Energy and Biomass Conversion. Other such firms could be located elsewhere in the DDZ and its region. 

Recommendations for Energy System

The DDZ should explore the potential for augmenting its long-standing economic and technological development mission to include a diversified energy development role. Perhaps it could apply for a special jurisdictional status enabling it to utilize the most promising policies for promoting efficient and renewable energy technologies and services.

A strategy for diversification of energy sources would center on developing and implementing an ‘alternative energy portfolio standard’.

Adopt full cost accounting to set energy prices and to evaluate investments for new energy sources. This approach calculates the external social and environmental costs of technology choices as part of any cost-benefit analysis.

Seen as a whole system, these initiatives offer an integrated response to meeting the objectives of the LCEP and creating a model for the Circular Economy in the Dalian Development Zone and its region. They enable planners to deal with resource issues such as urban planning, transportation, and the built environment that are critical to a full model of the CE. They demand planning and implementation in a long-term context while addressing the short-term social and human needs of China’s transitional economy. 
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