Introduction

This paper attempts to analyse technologies, design concepts, and opportunities in a business context that will meet the demands of a town within Beijing city, Miyun county in north-eastern China, north-east of Beijing proper, and adjacent to Beijing’s water supply, the Miyun reservoir.  Because of its proximity to the reservoir, Miyun was chosen as an environmentally fragile area; development of the area has the potential to disrupt a vital source of an extremely precious resource, water, to an extremely important place in China: China’s heart of Beijing, its national capital.  

The goal of this paper is to provide solid evidence as to why sustainable development should not only be considered, but employed.  When possible, we provide numbers that help to strengthen our case.  These numbers are general estimates, but we have done our best to provide accurate and ample documentation of our sources, calculations, and reasons for our conclusions.  We believe that if these technologies, opportunities, and principles can be employed economically, Miyun can serve as a template for other cities that are planning for growth as well.

We broke the task up into five main sections.  Part I presents the problems facing Miyun, and accordingly presents business opportunities revolving around the potential solutions to those problems assembled by the research of the Masters in International Management team, hereafter referred to as the MIM team.  It covers the water problems endemic to China, including water quality and supply problems, energy supply issues, as well as problems stemming from rapid urbanisation and modernisation within the culture.  It looks at all of these factors from a standpoint of what causes the issues at hand, what are the effects of those issues, and we attempt to identify the opportunities presented from these problems.

Part II serves as a summary of the analysis that was done.  The goal of Part II is to provide the reader a general synopsis of the technologies that we researched, a preface to how we addressed the opportunities found in Part I, and to provide an index of the technologies researched in Part III.  It is essentially the bridge between Parts I and III.

Part III is the bulk of our work; it is the analysis portion of this document.  Part III is broken up into three main sections, with several subsections within.  Generally, we analysed technologies in three sectors: Energy, Water, and Construction materials.  We found these technologies to be the most logical use of our time and a concrete way to address the issues at hand.  There was some overlap with some technologies, such as water saving technologies that also prevented wasted water heating and construction materials that provided energy efficiencies.  The index helps the reader navigate this ambiguity.  Part III is heavily dependent upon the Worksheet, which is filed under Part V.  It is recommended that the reader have this Worksheet handy while reading the data presented in Part III.  

A strict format was followed in the attempt to present the research in Part III in a consistent fashion.  Every technology, save for a few exceptions, has the following:

· An introduction, giving any necessary background information about the product

· A benefits section, which attempts to quantify and qualify that particular technologies social, environmental, and/or economic benefits

· A costs section, which attempts to quantify a research-based, usually US-sized, cost 

· A limitations section, which attempts to provide any reasons for why this technology may not be employed 

· A market size section, which attempts to quantify the parameters under which the technology will be used, as well as provide a general idea of the market opportunity that this technology can fetch 

· A payback period section, which includes some basis as to any exceptional calculations and also includes our estimates as to how this technology fits into an economic framework – the payback section also provides, when necessary, our estimation of the low price for this technology: our researched price is admittedly high when we consider that Chinese utility prices are in many ways lower than US prices, and US prices are usually the basis for our researched price, thus serve as a high price – additionally a recommended retail price and market size are reported in this section, serving as the recommended midpoint between the high and low prices (the retail prices are based on a 5-year payback threshold system)

· A comments section, which attempts to provide the user with important information regarding the calculations or viability of the technology at hand

· And, finally, an availability section, which attempts to provide the reader access to the technology researched, usually in the form of a couple of company names and contact information for those companies.

Part IV serves as our conclusion and recommendations section.  It attempts to provide the reader with what we believe to be the strongest viable technologies that can be employed.  

Finally, Part V is the Appendix and Worksheet section, the largest part of our paper.  Ancillary, additional, and backup information is provided in this section.  Part V is a vital portion of our paper.

Methodology

During our analysis, we developed a powerful tool using a spreadsheet.  It primarily consists of an input and a results worksheet that utilises much of the data that we researched, which are in other tabbed worksheets in the document.  

The Input Worksheet Tab (see Worksheet: Input Worksheet)

The input sheet consists of many columns that are filled in by the user.  Many times, the numbers that we used were derived from backup data contained in other tabs.  The name of the technology in question is input first, followed by a text field, called class, that only attempts to identify to the reader the market impacts this technology deals with.  The unit of measure is the unit used to determine the aggregate level of costs, i.e. passive solar costs are measured on a per m2 basis, whereas our calculations for compact fluorescents are based on a per bulb (each) basis.  

The one-year market size of this technology’s impact is then inputted in dollars.  The numbers here are primarily derived from the market size calculated in Worksheet: Market Opportunities, but are sometimes calculated in other tabs.  A common number we found was for the heating market, a market valued at $23M.  The Market Contribution Discount is for the cases where the portion of the market-in-question was not computed in the Market Opportunities tab, for instance, in the case of toilets: toilets consume about 40% of the residential water market, a market valued at $8.3M.  When the results are calculated, these numbers are multiplied together to come up with the Market Segment Size.

The cost per unit is then input as the variable cost for this technology.  This number will be multiplied by the aggregate need to come up with the variable cost portion of this technology.  For example: Low-flow showerheads cost $3.50 each.  Their aggregate need was calculated at about 67,000.  Next is the traditional cost number: this number is the researched or derived cost of a comparable traditional technology where applicable.  In the case of solar water heaters, a traditional water heater costs $150, while a solar water heater was researched to cost $1500 in the US.  In the cases of set-up costs, the alternative and traditional fixed costs are input in their respective columns.  These fixed costs are added to the aggregated variable costs to determine the resultant total additional cost on the Results tab.

The next part to be input is the range of efficiency values that this technology contributes.  These are entered as positive percentages, and include a low and a high estimate.  Those values are averaged out during the Results calculations.  For example, passive solar technology is estimated at a 30-60% heating market energy savings.  The Results section then takes a mean average of those two, in this case 45% to determine the savings impact.

Finally, the lifetime of product is input in years.  This number determines the lifecycle of the product in question and leads to the savings, lifetime of product calculation in the Results tab.

The Results Tab

The first three columns of the results tab, coloured in dark grey, pulls the first three columns from the Input tab to give the user context.  The market segment size is derived from multiplying the market size from the Input tab with the market contribution discount from the Input tab.  This defines the total dollar value that this technology deals with.  

The additional variable costs column is computed by subtracting the traditional costs from the alternative costs on the Input tab.  This defines, on a per unit basis, the additional costs of the technology.  In the case of negative numbers, it defines the up-front savings of this technology.  Additional fixed costs are computed similarly, and total additional cost is computed by summing the additional fixed costs and multiplying the aggregate need on the Input tab with the additional variable cost of the technology [(additional variable cost x aggregate need)+ additional fixed costs = total additional cost].

The percent additional cost is simply [alternative costs/traditional costs] from the Input tab.  Anything over 100% means that the alternative technology costs more than the traditional technology, and anything less results in a savings over the traditional technology.

The savings impact is derived from the product of the market contribution discount with the mean average of the Input tab’s efficiency high and low estimates [market contribution discount x (high estimate+low estimate/2)= savings impact].

The savings per year is derived from the product of the Input tab’s market size and the savings impact.  The 5-year savings are then simply five times the savings per year, and the savings, lifetime of product is the annual savings multiplied by the lifetime of product on the Input tab.  On 5-year lifetime technologies, the last two numbers will be exactly the same.  The payback period is the quotient of the total additional cost and the annual savings.  It defines the point at which this product, at its researched cost, will pay for itself due to the efficiency savings this product brings to the market.

The gross cost is the gross cost of the technology, without regard to additional costs.  It is simply the total cost of the product installed over the number of aggregate units on the Input tab.  This number may be useful in determining budgets.  The net cost of the technology is the gross cost less the savings, lifetime of product.  The lifetime of the product impacts this number greatly.  Negative numbers means that this product ends up saving money over its lifetime.  Net additional cost uses additional cost as the cost of the product, and subtracts the lifetime savings from that number.  This is a useful number because it shows the net cost of a product with regard to a traditional technology.  A negative number means that these products, as compared with their traditional counterparts, save money despite their additional costs.

The allowable surcharge is the amount per unit premium that this product can bear.  It is a calculation of the quotient of the retail market divided by the aggregate need of this product, basically the gains provided by this product on a per unit basis.  The surcharge + traditional price is exactly that, and should be considered the target unit price of this product.  The 5-year market opportunity (retail market size) is the product of the surcharge + traditional price and the aggregate need derived from the Input tab.

The unit price parity adjustment is the researched unit price multiplied with the researched PPP coefficient of 21% (Kwan, 2003).  The adjusted additional cost is the additional cost multiplied with this same coefficient.  The adjusted market potential is the adjusted additional cost multiplied by the aggregate market size from the Input tab.  Adjusted payback is the adjusted market potential divided by the savings per year, which is a Chinese-based number.  These adjusted numbers, we believe, are an estimation and should not be taken as an absolute.

From this analysis, we can derive a high and low estimation of what each technology costs, with the target being the retail market size or the surcharge + traditional price.  We believe that these estimates will help to garner some clarity on a very unclear picture.

Part I: Social, Environmental, and Economic Issues in China

Introduction

China has a variety of social, environmental, and economic issues:  most of the former two are a result of the extreme economic growth
 that China has had over the last few decades.  Consequently, China is subject to some of the worst kind of environmental pollution in the world.  China is stricken with air, water, and soil pollution, and all of these result in an interesting network of problems. 
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China’s environmental issues include air pollution (such as greenhouse gases, sulfur dioxide, and particulates) from their reliance on coal, which produces acid rain; water shortages, particularly in the north; water pollution from untreated wastes; deforestation; an estimated loss of one-fifth of agricultural land since 1949 to soil erosion and economic development; desertification; and trade in endangered species (China Youth Daily, 1999; Beijing Evening News, 1999; DOE, 2003; Kim and Qiang, 2002; WRI, 1998, etc.).

But the problems do not stop there.  China is also subject to land-use conflicts, water-rights issues, as well as unemployment. Although mobility, especially from district to city, has been severely restricted, urbanisation has progressed in big cities such as Beijing, Shanghai, and Guangzhou. 
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For the scope of this project, we will focus on just a few problems to exemplify the interconnectedness of these problems.  For example, our research has found that acidification of water is due to air pollution, and this water pollution in turn affects soil fertility, which negatively affects crop yields, which creates a strain on food supply for a growing population. We have decided to focus mostly on the issues of water and land/soil use for the overall scope of this section of the project. In addition, clean and effective energy supply is one of the main concerns of social and environmental problem in China. We feel that focusing on these factors will indeed include many of the residual issues in the Chinese economic, social, and ecological environments.

Relationship between Social, Environmental and Economic Issues

Water Issues

Introduction
There are three main problems with water resources in China: absolute lack of supply, flooding, and water pollution. China’s total water resources are about 2.8 billion m³ a year, averaging a per person supply of 2,200m³ a year. This is one fourth of the average world consumption of water. Additionally, the quantity of water is not evenly distributed throughout China. Although southern districts have an abundance of water, northern districts are not as fortunate.  Every year, floods in the southern provinces damage cities, towns, agriculture and industry, and kill many people. Much like air pollution, water pollution is a threat to both economic development and human health. (MWR, 2003)
Our project will deal with both quantity and quality problem of water, but, due to the scope of this project and the subject of our investigation (a new development in the north), we will leave the discussions of the flooding issue to other research.
The northern districts, such as Beijing, Henan, and Liaoning, all are areas short in water resources.  Rainfall is unevenly distributed in China, and the population densities do not map to rainfall densities, especially as it pertains to the northeast (the area of specific interest) (see Figure 2).
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Figure 2: China’s Population density (Skorburg, 2001) and China’s average annual rainfall (ChinaOnline, 2000)

Causes of Water Pollution

Water pollution is derived from many sources.  Interestingly enough, air pollution is the cause of much of the acidification of the water supply (US DOE, 2003; Kim, 2002; Lee, 2002).  Coal-fired plants emit sulphur dioxide, which causes acid rain.  Over thirty percent of China’s territory is affected by acid rain
 (China Youth Daily, 1999).  China has not fully invested in water treatment facilities, which results in the majority of its water supply being contaminated.  According to an article by the World Resources Institute (Maurer, 1998) over half the population (about 700 million) is consuming water contaminated with human and animal wastes.  This fundamentally threatens China’s greatest resource, its people.

Industrial pollution, especially under the semi-rural village enterprise system, is a huge problem.  These villages lack necessary infrastructure to properly handle the industries that they are involving themselves in, resulting in extreme water pollution, like acids, heavy metals, cyanide, and phenols, to name a few (Maurer, 1998).  Agricultural fertilizer application inefficiencies and uses of phosphate-laden detergents lead to eutrophication
 in waterways (Maurer, 1998), choking rivers and further threatening already fragile ecosystems while simultaneously impacting water supplies for consumption
.
Urban sewage is a mounting issue as well.  According to Maurer’s article, less than 2.7 percent of the 30 billion tons of sewage discharged into China’s waterways ever gets treated.

Other than water pollution, there are issues stemming from the lack of access to fresh water faced by industry and agriculture alike.  Water shortages are estimated to cause a loss of 120B yuan ($11.2B) in industrial output and an estimated 41.73B yuan ($3.9B) impact on human health (WRI, 1998).  According to China Youth Daily (1999), 38 percent of China suffers from water shortages, and desertification has grown to 27.3 percent.  Nationmaster (2004) ranks China 89th in access to water, under Ghana and Ethiopia, a nation famous for water issues.  

An article published by the Earth Policy Institute focuses on the Hai river basin, an area that supports over 100 million people, including the mega-cities of Beijing and Tianjin (Brown, 2001). The water table is falling at an unsustainable rate.  In 1999, the water table fell 2.5m (8 feet) under Beijing.  This is an issue because much of China’s grain is produced in northern, water-strapped provinces, and the farmers are losing irrigation water to both industries and cities – and understandably so, since industry’s return on water-assets is 70 times agriculture’s
.  Without irrigation water, China’s food supply is greatly threatened
.  The drop in the water table results in rivers, irrigation channels, wells, and even lakes running dry.  And without irrigation water, Chinese farmers rely more on the underground wells for water.  When they dry up (estimation for that is 2010), China’s annual water-use deficit of 21 billion cubic metres will become starkly apparent; this would result in a cut in the water supply by 40%
, which would halt agriculture and industrial production, not to mention population use, significantly (Brown, 2001).  

Government Policies

To solve some of its northern water problems, China has involved itself in costly irrigation and canal projects, importing water from the south.  “When finished, three canals will carry 45 billion cubic metres of water a year from major rivers in the south about 1,300 km (810 miles) to thirsty regions in the north” (Planet Ark, 2002).  This project is estimated to cost US$59B, twice the cost of the Three Gorges Dam.

“China's current regulatory system provides an economic incentive to abate by charging a levy on pollution that exceeds the standard. But changing to a full emissions charge system would greatly reduce total abatement costs.” (Dasgupta, 1996)
Effects

The result of all of this leads the MIM team to believe that water is a particularly valued resource that should, in no ways, be wasted.  In the context of the Miyun analysis, we looked at technologies that either improve water and sanitation or conserve water.  

Opportunities (Economic)

The best economic opportunities were found in the realm of water conservation technologies and biogas recovery.  Since the Chinese government has already committed to providing water sewage treatment, we found that biogas recovery is a technology that helps with sanitation as well as a technology that provides energy. 

Energy Security
Introduction

The backbone of China’s economic and social development is energy. China is now in the process of rapid industrialisation and, thus, its social and economic development relies heavily on energy (Development Research Centre, 2003).  China’s extreme growth has created a severe energy security problem, and while the government has taken various measures to ease the pressure, China still faces challenges in its future use of its limited energy and long-term sustainability.  

Causes

Demand outpaces supply

China’s energy consumption is relatively high, 4.6 times more than the OECD average (OECD, 2003). The three main reasons underlying this demand are economic development, increasing population, and the growing pace of urbanisation. 
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With the average GDP growth at 9.1% in 2003 (China Daily (B), 2004), energy consumption per capita is increased at an extraordinary rate. China consumes three times as much energy per dollar of GDP as the world average and twice the average for all developing countries (China daily, 2004).  The results come from blind investments, wasteful duplications in some industries and irrational demand (Yichao, 2003).

The rapid increase in population also brings enormous pressure to its energy resources, since improving the living standard will doubtlessly increase energy use and emissions per capita. Even under its stringent birth-control policy, China’s population is forecasted to be 1.4 billion people in 2010 (Weidou, et. al., 2000). Furthermore, the Chinese are blindly adopting developed countries’ lifestyles and bad habits.  This contributes to an expected 50 percent increase in urbanization by 2010. The energy mix demand per capita will concurrently increase by 27 percent by 2010. Changes in lifestyle, such as the rapid increase in numbers of motor vehicles and the changing expectations of housing, contribute largely to the growing demand for energy.  

Shortage of liquid fuel

On the supply side, China’s petroleum and natural gas supply is one particularly troubling issue. While China is 5th in the world in production of oil (Xinhua, 2000), it is also a global oil consumer. China’s reserve/exploitation ratio of petroleum is 15, much lower than world average, 40, and far from the security margin. China used to rely heavily on the Tarim Basin, Xinjiang Region, but through more than ten years exploration and exploitation, it has been proven that Tarim Basin’s reserves are much less than expected. Additionally, this energy is expensive because of the high costs of transportation, as Xinjiang is far from where the demand is (the east coast). 

The rapid increase in population also brings enormous pressure to its energy resources, since improving the living standard will doubtlessly increase energy use and emissions per capita. Even under its stringent birth-control policy, China’s population is forecasted to be 1.4 billion people in 2010 (Weidou, et. al., 2000). Furthermore, as Chinese modernises, they are inadvertently adopting developed countries’ lifestyles and bad habits. Changes in lifestyle, such as the increase in purchase of motor vehicles and greater expectations of housing, contribute largely to an expected 50 percent increase in urbanization by 2010 and a 27 percent energy demand per capita increase over the same period. 

Renewable energy resources insufficient

Another problem is that environmentally friendly methods of generating energy are insufficient to replace traditional sources.  This would require a large investment in the technologies and infrastructure, which would require a lot of time to fully implement.  Consequently, energy from renewable resources is considered costly, or even impossible, in some areas, when compared to non-renewable energy resources such as petrol, coal and natural gas (Xinhua, 2000).

Effects

Economic effects

As of 1993, China has shifted from a net oil exporter to a net oil importer. In 2003, China’s total output of primary energy reached 1.6 billion tons of standard coal, or a 49.5 percent increase from 2000. Meanwhile, imports of petroleum stood at 97 million tons, or a 39.4 percent increase over the same 3-year time period. (China Daily, 2004). About one third of the country’s petroleum needs are dependent on imports and there is an increasing tendency in that proportion. As such, the Chinese economy will be increasingly influenced by international oil prices thus threatening its energy security. 

Environmental effects
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Due to China’s shortages in liquid fuels, and its abundance in coal reserves, coal is an important energy source.  It is primary in China’s energy mix, at about 75 percent (China Daily, 2000).  But coal creates many problems, as mentioned earlier
.  Currently, about 40 percent of the country is affected by acid rain, rain with a pH of less than 5.6.  In the developed regions especially, this proportion is undoubtedly growing.  Acid rain causes a great deal of social and economic loss, due to crop failure, water quality issues, soil contamination, and other issues. (Weidou, et. al., 2000)

China accounts for about 13% of world carbon emissions, ranking second behind the United States. China’s rapidly growing carbon emissions are expected to account for 19% of the world total by 2015 (EIA, 2000). In addition, sulphur dioxide levels in nearly all Chinese cities greatly exceed international standards. Three of China’s cities, Shenyang, Beijing, and Xi’an, are among the world’s ten most polluted. This is mostly attributed to the economy’s heavy reliance on coal (Weidou, et. al., 2000; Kim and Qiang, 2002).


Social effects

Coal burning causes serious pollution into many areas especially in the northern part of China, such as Shijiazhuang, Datong, Taiyuan, and Shizuishan (Becker, 2004). In these polluted areas, citizens’ health is deteriorated, poisoned vegetables have killed some children, healthy pregnant women give birth to deformed babies, and the number of cancer cases suspected of being caused by pollution has increased (China.org.cn, 2001).

Government Policies

As part of commitment to the World Trade Organization (WTO), China announced a new import policy to replace existing import quotas for state-traded oil products, effective in 2004 (China Daily, 2003). Although the import quota has been lifted, internal government control over imported products still exists. Other than fuel oil, importers still have to import oil products via four state-designated oil firms, which are Chinaoil, Unipec, Sinochem Corp and Zhuhai Zhenrong Corp. Consequently, the price of oil products, mostly for fuel oil, are likely to rise by 15 to 20 percent in 2004 to feed the increasing demand (China Daily (A), 2003).

The Chinese government has initiated the reorganization of the oil industry with the aim of coping with its excessive future energy demand. The government is trying to replace coal-based energy generation with petroleum and natural gas by encouraging and supporting the major petroleum companies mentioned above (People’s Daily, 2002).

The Chinese government also has a new policy to encourage electricity use. In Beijing, for example, the electricity rates will be cut by half to encourage residents to discard their coal-heated stoves in favor of electric heaters. Beginning on November 1, 2002, electricity used in central heating systems will be charged at the rate of 0.2 RMB per kilowatt-hour between the hours of 23.00 and 7.00 (Xinhua (F), 2003).

Opportunities

There are several opportunities in order to alleviate the issues dealing with energy and energy security.  Most of them have to do with either reduction in use or efficiency.  Non-coal technologies definitely need to be explored, and the dependence upon imports need to be decreased in order to improve China’s energy security.  Given these factors, the incentives of reduction in electricity rates to consumers miss the mark.  Efficient appliances and industries need to be found on the demand side, and the supply’s energy mix needs to be diversified.  Supply technologies, such as wind, solar, and nuclear, need to be explored more than costly pipelines running across the country.  China’s limited monetary resources can be used more efficiently than that.

Urbanisation
Introduction

The latest trend of urbanisation in China started from the mid-1980s as China opened its door to foreign investors. Since then the Chinese government has been playing an important role pushing China’s urbanisation.  For example, a primary focus of the 10th Five-year Plan of China (2001-2005) is to promote urbanisation, boost coordinated development of cities of all sizes, actively develop small-and-median-sized cities, etc. (Lu, 2003).  As a result of the government’s continued efforts to the issue, China has entered into an era of fast urbanisation as well as economic growth.

Evidence shows that China’s urbanisation has progressively developed full-scale— both in size and number of cities and towns.  According to Qiu, China’s Vice Minister of Construction, the level of urbanisation in China increased from 17.92 percent in 1978 to 39.1 percent in 2002, and an annual growth rate of 0.88 percentage points, two times the world average during the same period (“Ministry Ensures Proper Land Use in Urbanization”, 2004).  Statistical data provided by the Ministry of Construction also demonstrates that “by the end of 2002, there were 660 cities and 20,600 administrative towns in China, totalling a population of 502 million” (People’s Daily, 2004), which accounts for about 38 percent of the country’s 1.3 billion population.  Furthermore, the proportion is predicted to reach 50 percent in the near future (Irwin, 1999).

The trend is expected to accelerate following China’s rampaging modernization in the 21st century. Some studies say that by 2050 the level of urbanisation in China will grow from the current 39.1 percent to over 70 percent, averaging an annual growth of one percentage point (“Modernization requires …”, 2003).  Although the growth of township is considered a sign of social development, it also comes with numerous social and environmental costs.  

 Effects

Redundant Rural Workers

One effect of China’s trend of urbanisation and modernisation is a rapid increase in the number of redundant rural workers every year.  A recent government statistic shows that there are about 89.6 million redundant rural labourers, accounting for 18.6 percent of the whole rural population (“China to transfer …”, 2003).  Additionally, based on the current rate of urbanisation in China, 10 million Chinese farmers are required to become urbanites every year.  According to Niu Wenyuan, (“Modernization requires…”, 2003) a member of the 10th National Committee of the Chinese People’s Political Consultative Conference (CPPCC), each year the government has to spend 300 to 350 billion RMB, about 3 percent of the total GDP in 2003, in aiding farmers to become urbanities.  In addition, the social cost for each farmer to become urbanites is 25,000 RMB and there will be an increase of 600 to 700 million urbanites in the next 50 years (“Modernization requires…”, 2003).    

The Chinese government’s transferring of redundant rural workers to townships, however, has also raised the unemployment rate in urban areas.  According to the Department of Society Development, the rate is close to 10 percent in 2003 despite the economy’s momentum (Ng, 2003).  Although the government has devoted a great deal of efforts to facilitate employment for redundant rural labourers in towns and cities, the rate of creation of new jobs each year is still far from efficient to absorb the redundant rural labourers.   With the pace of job creation in the past two decades, statistics show that “the shift of every 10 workers from agriculture to secondary industries only brought 7 rural workers to the next step up the employment ladder” (Ng, 2003).

 Loss of Arable Land & Food Security

Studies showed that China has to feed one-fifth of the world’s population on 7 percent of the world’s arable land (“China at 2050”, 2001).  The growth of cities and towns, however, has led to the conversion of arable land.  Every year there are vast amounts of farmland being swallowed up and the problem is getting serious following the growth in economy and industrialization.  According to Xinhua, “China’s arable cropland has shrunk by 667,000 hectares each year on average over the past seven years, partly due to local governments requisitioning croplands to cash in on a nationwide real estate and development boom” (“China sets grain production …”, 2004).  Even worse, the Ministry of Land and Resource of China disclosed that some 168,000 cases of illegal land requisition were reported in 2003 (ibid.).

One direct effect of the loss of arable land in China is food security problems.  Statistics provided by Chinese Minister of Agriculture demonstrated that China’s grain output dropped from 392 million tons in 1998 to 322 million tons in 2003 (d’Orlando, 2004).  However, in the meantime demand has increased due to a quickening urbanisation, the greater wealth of China’s urban population, changes in people’s lifestyle and a growing population at a rate of 11 million a year (ibid.).  In 2003 alone Chinese produced and consumed 19 million tons of grain.   Experts predict that by 2030 China will have to import up to 370 million tons of food to feed its people (“Challenges for the Future”, 2000).

Waste Problems

An increasing amount of solid waste is another major result of accelerated urbanisation and economic development. China, which has nearly 10 million tons of annual waste, is suffering from an acute solid waste problem (Zhang & Jia, 2004). More alarmingly, data from the Ministry of Construction show that the amount of solid wastes produced by Chinese is growing at an annual rate of 9 percent (“Public Awareness…”, 2001).  

Following an increase in urban population and improvements in living standards, the amounts of solid wastes generated in some cities are even climbing faster.  It has been estimated that the growth of solid wastes in major cities rose by 15 to 20 percent over the last two decades (“Public Awareness…”, 2001).  Additionally, one example found shows that the Chinese discard 45 billion pairs of disposable chopsticks every year as more and more people are dining out (Williams, 2004).  

Experts believe that China lacks the capabilities to handle the amount of solid waste it generates and the speed of its growth.  Yet China’s inability to handle solid waste by itself has translated into business opportunity for foreign firms looking to help China to manage the problem. 

The Chinese government is also aware of the possible impacts and dealing with the problem seriously.  According to China Daily, China has increased its spending on the issue and meanwhile, the State Council has launched several programmes to realise a nationwide disposal system.

Part 2: Technology Summary and Index

The MIM group was presented with a thorough analysis of the Miyun area via an internal document provided by McDonough and associates (2004), a partner in this project.  Many of our data are based from the figures presented in this document.

Market size was determined from our calculations.  We valued the technologies at hand on a US-price basis as well as a price parity adjusted price (PPP) basis of 21% (Kwan, 2003).  We believe that, for most technologies, the actual opportunity lies somewhere in between these two numbers.  The recommended retail price’s market value is not reported because it falls in the payback calculation; the 5-year gains of a technology is its market potential, and is the basis for our recommended retail price, and is therefore redundant to report.  All of this data is available in the Worksheet: Results section.  Note that there are two retail prices in that sheet: one is the direct calculation of the 5-year gains from the technology at hand, and the second retail price is the more accurate retail price added with the traditional unit cost.  We have found that to be the more accurate portrayal of a true retail price, and it is this number that will be reflected in our market analyses.

The question of payback period came up often in our research.  The MIM team decided that, for most technologies, the lifespan of five years was the basis of our evaluation.  Under certain circumstances, longer time periods were considered.  When longer time periods are considered, it is explicitly noted, and 5-year use calculations are also provided.  Most technologies with longer timeframes are technologies in the construction and building realm.  In these cases, a 30-year lifespan was generally assumed.  

Summary: Energy Source Possibilities in Miyun

China represents an emerging market for energy efficiency technologies. Rapid growth and market reforms are driving increased demand for foreign investment and advanced technologies that will help China meet its energy needs while protecting its environment. The pressures of market forces, power shortages, capital shortages, and environmental degradation have created tremendous opportunities for foreign companies to participate in Chinese markets for energy-efficient technologies.

In the document provided by McDonough and Associates, their research shows that the space heating constitutes 60% of electrical demand; hot water: 23%; electricity: 10%; and cooking 7%. Later in the document, they report their ideal energy balances in terms of electricity and heat production.  For this document, we have combined these numbers, rather than having them separated out.  We understand that heat production can be created in a co-generation scenario  (referred to as “CHP” or Combined Heat and Power) and may not need to be first converted into electricity to then reconverted back into heat, as we assume it is done now, since this is how it works in much of the United States.  Additionally, we are aware that many of the alternatives, such as natural gas, simply are not available everywhere in China.  Nevertheless, energy in this report, whether it is heat or electricity, is reported in GWh/yr, and our assumptions are that both heat and electricity combine to a total energy need of 836GWh/yr.  It is up to the businesses that fill any of the sustainability needs to determine whether the energy used or provided is in the form of heat or electricity.  

Commentary on some energy technologies

Photovoltaics (PVs)

At Miyun’s latitude, there is significant variance in insolation levels over the year, with a low of 2.3 kWh/m2/day in December to a high of 5.7 kWh/m2/day in June. In terms of solar angles, the sun reaches 25 degrees in altitude at the winter solstice and an altitude of 73 degrees in the summer. According to Miyun’s Master Plan (McDonough, 2004), the level of isolation is sufficient to pursue solar energy strategies on site.  Our calculations show that the sheer amount of heat energy, if it could be fully utilised, amounts to 85X-147X
 the heat needs of Miyun. Our calculations show that, on a cost/kW installed basis, solar costs 215% of coal over a 20-year lifetime, with regard to the electricity market (as opposed to the total energy market)  (See Worksheet: Energy Backup for a more in depth analysis).  

Wind Power

The data from McDonough suggests that wind power “is insufficient… to pursue cost-effective wind power on site at this time,” but the MIM team believes there is still an opportunity for low-velocity wind power generation as the technology is developed.  The data provided shows that a goal of 4 knots would provide the proper opportunities for this domain (McDonough’s threshold is 8 knots
). 

Ground Source Geothermal

Geothermal as a technology has the chance to meet several residential and industrial needs.  Geothermal technology can be used for home heating, via a geothermal heat pump; electricity production is possible; hot water uses are evident as well (Sterrett, 1995).  Geothermal analysis, though, of Miyun, is currently inconclusive, as we have no data to suggest the closeness of geothermal pockets to the surface in this region.  We therefore did no analysis of geothermal electricity production.  

Yet, even without geothermal heat pockets, the use of the earth as a source of heating and cooling energy can be capitalised upon.  Geothermal technology (specifically Geothermal Heat Pump) will therefore be discussed in its respective section, beginning on page 25.

Coal

Two coal fired steam plants are currently under construction (McDonough, 2004).  Coal is a common form of energy in China, but as mentioned earlier in our work, is dirty and inefficient. Our sources put the costs of coal at about $0.06/kWh (Zenger, 2004).

Sewage Energy (Biogas)

Biogas derives energy from so-called ‘black-water’, essentially sewage.  We have found that Miyun’s population can support 805kW of biogas capacity to be used for either electricity or for cooking gas.  At China’s current electric rates, this equates to 6.44 MWh yearly, an equivalent savings of $375,000 yearly.  Our research covers this technology in depth starting on page 36.

Other Technologies

An analysis of the McDonough Master Plan (2004) helped to guide us in our research.  To summarise, a few technologies stood out as strong candidates as alternative energy sources to coal with certain caveats.

Table 1 Energy generation comparisons

	Technology
	Fuel costs as compared to coal
	Number of plants required to meet needs
	Overall cost to meet energy needs (5yr)
	Overall cost to meet energy needs (20yr)

	Coal 
	100%
	2
	100%
	100%

	Biogas
	0%
	3050 (not possible)
	132%
	33%

	CHP Landfill gas
	0%
	1000 (not possible)
	43%


	11%



	Sources: (McDonough, 2004; Worksheet: Energy Backup)


While some of these alternative technologies cost more up-front, the savings due to not needing to supply the power plants with fuel grow every year.  It must be noted that the longer the lifetime considered, the more benefits materialise with alternative technologies.  We only considered a five-year horizon.  While the Biogas plant, over a 5-year horizon, is nominally more expensive than a coal plant, the advantage of this technology is its efficiency, environmental benefits (less CO2 and SO2 emissions), as well as its scalability: coal plants are so large, that they are commonly set-up and driven under-capacity, which is wasteful as it pertains to the cost of maintenance of these facilities.  The comparison of the differing time periods shows the improved viability of due to fuel savings of the alternative technologies.  It is doubtful that, in our current energy climate, fuel costs will decrease as time progresses.
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Summary: Water Technologies

Opportunities that exist in the water domain tend to be based in two areas: water conservation (such as using less water to do the same tasks or the elimination of water entirely), or technologies that prevent waste, especially as it pertains to the aforementioned water heating market.  Cost savings are derived from either the market value of the water saved, the market value of the energy saved, or both.

It must be noted, though, that in many cases, we found that the market value of these resources in China do not align with the costs of developed-world devised technologies.  Therefore, care should be taken when viewing these numbers, and great attention should be given to those technologies that indeed fit the self-imposed 5-year payback horizon.  In those cases, the MIM team believes that there is an even greater opportunity for these technologies in the business realm, especially in the case of a business that desires to set up manufacturing operations in China.  Even for those that do not, the fact that a misaligned calculation base allows for a 5-year payback is significant; a company producing these technologies could, essentially, ramp up production for a simple export paradigm.
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Summary: Construction Technologies

Opportunities that exist in the construction market are based on savings in material costs, or efficiency gains, generally derived from the energy: space heating market.  Our calculations were based on a dizzying array of factors.  All of these are outlined in the Worksheet.  Where applicable, the basis of the calculations will be mentioned.  Typical calculations are based on savings on a per m2 basis for construction using a particular material, additional costs on a m3 basis of material offset by the potential energy savings derived from an increase in insulation value, and therefore heat efficiency.  Our calculations are done with the assumption that this technology is the only one being exercised.  Unfortunately, cost efficiencies cannot, in most cases, be ‘stacked’: using straw-bale and foamed concrete in conjunction will only moderately improve energy efficiencies.  
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Part 3: Analysis of products available

Residential Applications

Coal is the largest source of residential energy and is used mainly for space heating, stove heated hot water bathing, and cooking. Overall in China, coal constitutes about 75% of urban residential energy use (Sadownik, 1998). Consequently, the dominance of high sulphur coal for urban uses has particularly strong environmental quality implications. SO2 emissions are strikingly high in many major urban cities. Beijing has among the highest monitored concentration of CO2 in the world (CEEB, 2003).  The following headings show the amount of energy used in its respective domain.

Space heating (60%)

This project has a significant advantage over many solutions to other energy problems.  One of the most significant advantages is the fact that the development has not yet started, and therefore, we as a group can design in significant efficiencies into the residential buildings.  Some of these efficiencies are simple. 

Miyun has a continental type climate, with cold, dry winters, and hot, humid summers accompanied by monsoon winds.  January is the coldest month while July is the warmest. Winter usually begins toward the end of October. The summer months, June to August, are wet and hot with about 40% of the annual precipitation. The following table shows the average temperatures of each month in Miyun (McDonough, 2004).

Table 2 Average daily temperature by month (McDonough, 2004)

	
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sep
	Oct
	Nov
	Dec

	Avg. oC
	-3.3
	-0.5
	6.1
	13.9
	20
	24.5
	26.1
	25
	20.5
	8.3
	5
	-1.1


Space heating is one of the most significant uses of energy in both the residential and industrial sectors
 (Bell, et al., 1996; McDonough, 2004).  Therefore, some of the most compelling savings can be accomplished via a savings in this section.  In northern China, heating is dominated by coal stoves, resulting in significant environmental problems caused by coal pollution. In order to develop an efficient and sustainable heating system, innovative heating/cooling systems should be initiated. As energy use (or price) increases in this sector, the opportunities for justifying additional start-up costs for economic and environmental benefits grow.  
When it comes to the efficiency of a home’s heating and cooling systems, there are two areas of concern. First is the building envelope (or design) and second is the efficiency of the actual heating/cooling equipment. 

A significant limitation is the combinability of these technologies.  Our calculations are based on the assumption that whatever product researched is the only product being used.  Therefore, combining technologies within this sector will negatively impact our numbers.  For example, if straw-bale is used as an insulation material in conjunction with SIPS, the full efficiency savings attributed to each of those would not be realised.  Yet, if SIPS were used with Superwindow technologies, we believe that the full benefits would, indeed, stack.  Ultimately, we believe the experts should have the final say and have better information than we do regarding the use of energy efficient materials, and therefore will, and should, make the final decisions.

Design Consideration: High-performance Envelope

A building envelope is the exterior shell of a building. A high-performance envelope helps maintain a consistent temperature under either hot or cold conditions. Proper home sealing can improve the home envelope to make homes more comfortable and energy efficient. 

There are three ways in which heat may pass through the shell of the building: convection, conduction and radiation. Convection is the direct movement of warm indoor air to the cold outside, through cracks around windows, doors chimneys and other openings, which normally account for 38% of the heat loss in a home. However, it is easily prevented. Caulking and weather-stripping around windows, doors and all other cracks are simple solution. Improving the air seal of a house can reduce heating bills by up to 30% (Baird, 1995).

Conduction is the loss of heat through walls, ceiling and windows. With the proper insulation for walls and ceiling, and utilisation of energy efficient building materials, heating needs can be reduced considerably. 

Additionally, the choice of certain building materials contributes to conduction losses.  For more information, refer to the Construction Materials section (p. 60) and Clay Bricks (p. 60). Lastly, radiative heat loss occurs through windows and can be reduced by using low emissivity coating windows, such as Superwindows (p. 78). 

Technology/Design: Passive Solar

Introduction

There is a lot of research available that will allow the developer to capitalise on the uses of natural physical laws and available solar radiation.  Unlike using the sun to produce electricity via photovoltaic cells, which are about 10-18% efficient, some of the ideas found in our research are simple solutions that allow the developers and designers of living spaces to utilise the properties of infrared energy (heat) that is passed to solid objects through light.

That said, a couple of technologies fall under this section, which are the use of passive solar radiation and thermal mass technologies.

The ideas of passive solar radiation are simple: by using a transparent material (called glazing, which usually consists of a glass window), one can heat the objects in a room; the glazing then prevents the heat from escaping the room.  As we all know, darker colours absorb more heat energy than light colours; therefore the research alludes to the use of black and dark colours that have a high specific heat (retention of thermal energy).  Some of the designs included south facing walls that had a distance of close to 1 metre (the optimal distance for the retention of heat) between a wall of glass and a ‘trombe’ wall, which was a load-bearing or non-load-bearing wall whose primary purpose was to absorb solar radiation (Bell, et. al. 1996; Crowther 1984; Paul 1979). Table 10, a table of the thermal mass of materials is in the Appendix: Construction Materials: Thermal Mass.

Sha, et al. (2000) report on a formula used to determine the effectiveness of passive solar technology.  It can be found in the Worksheet: Sha’s Energy Formula.  The worksheet calculates the Synthetic Degree of Meteorology (SDM) as it pertains to Miyun.  The SDM in Miyun, according to our calculations is about 52, and we hope this number is useful to at least one of the businesses that may be involved in this project.

Benefits

Depending upon the system, significant reductions to energy costs can be realised.  Research from William McDonough and Associates points to the fact that 60% of energy used is used in space heating (McDonough, 2004).  The research done on efficiency points to a 30% to 60% energy savings in using this technology (a net average of 27% of the total energy market, or $6.2M annually, see Worksheet: Results) (“Solar Energy Houses”, 2003; “South-Facing Windows…”, 2002).  Additional commentary is available in the Appendix: Passive Solar.

Costs

Costs may or may not increase, depending on the methods used for costing.  If the buildings in the planning process right now include a lot of glass, passive solar technology, and/or a great deal of insulation, then costs will be negligible.  However, if the plans exclude the costs of insulation and glass, or the degree of either of these materials in their necessary proportions, costs may increase significantly.  The costs of these materials will be analysed further in Construction Materials, beginning on page 60.

Cost numbers were found in Sha’s work (2000) alluding to a minimal additional cost for constructions using passive solar technology.  Our analysis, based on those figures, shows that the additional cost is around 11.6% (Worksheet: Results; Passive Solar Calcs), and the annual energy savings is about 27% of the total energy market.  Note that these numbers do not correlate.  Nevertheless, this translates into a payback period of approximately 11 to 28.5 years, depending upon the numbers used (there were two instances in their data).

Limitations

One of the major concerns is cooling in the summer.

Two popular methods of cooling passive solar facilities are natural ventilation, or natural convection, and evaporative cooling. In one method of natural convection, holes in the bottom of a facility allow outside air into the building; as the air warms, it rises to the top of the space and exits through holes near the roof. 

In evaporative cooling, cool water is sprayed in a downdraft cooling tower on a facility's roof. It filters through the tower and into the facility. "You get this cooling effect without having to have fans or a traditional air-conditioning system," says Torcellini (Patterson, 1997).

Fortunately, Miyun has a lot of rainwater available for the evaporative cooling process during the hot months (McDonough, 2004).  Combined with a Green Roof (see Technology: Green Roof, p. 81), one could feasibly use the vegetation to capture and filter and cool the water, which could then be used for this evaporative cooling purpose.  This would increase the efficiency of the Green Roof in its cooling capacity.

Market Size

Our calculations, based on estimations of the area of development, find 21.8M m2 to be developed in the commercial and residential areas (see Worksheet: Construction).  However, at this time, we cannot determine the actual price per m2 developed in Miyun because the development has not yet happened.  Whatever the price ends up being, we are sure that a 5-year savings of $52M  is possible with a 12% surcharge on the development.

Payback Period 

Calculations were for residential and commercial areas only, as the numbers for the industrial market are inconclusive with regards to the amount of energy savings and the additional costs per m2 developed (because only lighting data was provided).  Commercial numbers are assumed to be a similar additional cost to that of residential, i.e. additional costs for this technology may be different in practice between residential and commercial areas, but we assumed them to be the same.  The proportion of the energy market for space heating in residential is 60%, while the heating market is about 50% (our calculations say 45%) of the commercial energy market (378 GWh/yr), and the cooling and ventilation market is 30% (McDonough, 2004).  For this calculation, the cooling and ventilation market is excluded.  The numbers we used are examples from Sha’s research, and are used for estimation purposes only, and should not be considered the actual costs as they pertain to Miyun.

Initial investment: 


Additional cost per m2: 
$5.33 – $13.58 


Number of m2 developed:
21.8M m2


Total additional cost
$116.4M - $299.3M

Operating cash inflow: 


Efficiency savings per year
30% - 60% (avg. 45%); $10.4M


5-yr gains by using Passive Solar
$52.0M


30-yr gains by using Passive Solar
$311.8M


Payback period (years):
11.2 –28.5 


Recommended retail price: 
$48.44-$119.35


Recommended market size:
$1057M-$2604M


PPP adjusted additional cost/payback:
N/A

Comments

The method used for calculating the amount of m2 is a derivation of averages and the best numbers that we could obtain.  Dale (2004), of McDonough and Associates, provided us some rough estimates on the sizes of buildings, but it has made the derivations for the area of development difficult to calculate.  Additionally, it is unfair to consider the design of a building to be a short-term market opportunity.  For that reason, we included the 30-year gains provided by this technology.  Price parity adjustment is not applicable for this calculation because the additional cost per area developed is based on a Chinese source.

Availability

No additional restrictions, other than the sheer supply limitations resulting from China’s extreme demand for materials, are seen as being an issue at this time.  

Technology: Geothermal Heat Pump (GHP)

Introduction

Generally, there are three parts to a geothermal heat pump, the ground heat exchanger, the heat pump unit, and the air delivery system (ductwork). “The heat exchanger is basically a system of pipes called a loop, which is buried in the shallow ground near the building. A fluid (usually water or a mixture of water and antifreeze) circulates through the pipes to absorb or relinquish heat within the ground” (NREL, 2004).

Benefits

In terms of space heating, geothermal enabled heat pumps are 30% more efficient than air-coupled heat pumps and 50% more efficient than electric heating (Sterrett, 1995).  This makes sense because of the nature of the technology; by utilising the constant temperature of the earth, the starting point for the heat to be extracted from the environment will be higher than ambient air.  Additionally, this type of heat pump could probably be used in sub-zero (Celsius) temperatures with better efficiency.  It is a well-known issue that heat pumps have a limited range of efficiency, and after a certain point, lose all the benefits gained from the nature of the technology employed.

Depending on the climate, an advanced geothermal heat pump … reduces energy consumption… by 23-44%, and by 63-72% compare to resistance electric and standard air conditioners… thus for each 1000 homes [4000 people, assumed by the MIM team] with a geothermal heat pump, the utilities can avoid installation of 2-5 MW generating capacity (Sterrett, 1995).

This points to the availability of using these machines: with plans to house 156,000 people in high-density buildings (McDonough, 2004) and nearly three times that with industry, one can quickly see the benefits.  Using these numbers alone (approx. 500,000 people), a quick estimate of a savings of 250MW
 of generating capacity could be saved using this simple technology alone.  Coupled with other factors, even more significant energy savings could be realised.

Geothermal heating systems also are lower maintenance.  Most sources allude to about a 50% decrease in maintenance (12¢ to 15¢/sq. ft. versus 30¢/sq. ft. for conventional systems according to GeoExchange (2003). GeoExchange also asserts that these systems typically have a 2-5 year payback period, yet provide no numbers.

Costs

We researched the costs of a GHP to be around 3 tons of capacity for an average 2000 square foot home (USDOE (D), 2004). Henkenius (1999) shows that a typical system costs about $2000 more than a conventional system, about 40% more, while the USDOE’s research points to about a $3500 premium.  We’ll use $2500 (163%) as the basis for our calculations.  Research shows that the larger the unit installed, the less it costs per capacity (OIT, 1996).  A 5-ton system costs 60% a 3-ton system, on a per-ton basis.  We believe that multi-family dwellings would use much larger than a 5-ton system, and have included this discount on both the cost of a traditional and GHP system.  Therefore, from our calculations
 and the basis of our analysis, we estimate the costs on a m2-basis to be about $54 per m2, compared to about $33.50 per m2 for a traditional technology.

Limitations

There are temperature-range limitations that need to be assessed before utilising this product.

Market size

We decided to include the total m2 of residential and commercial development.  This is 21.8M m2 of development.  At our calculated costs, this is a value of $1,184.5M in this market.  The electricity market for home heating is $23.1M annually, and the savings generated by this technology amounts to $15.6M.

Payback Period 

Initial investment: 
$54.28


Additional cost per m2: 
63%; $20.88


m2 res./com. development:
21.8M m2


Total additional cost
$455.6M

Operating cash inflow: 


Efficiency savings per year:
$15.6M


Maintenance savings:
$0.02M


Total savings:
15.6M


5-yr gains by using GHP
$78.1M


30-yr gains by using GHP
$468.2M

Payback period (years):
29.2

Recommended retail price:
$36.98/m2
Recommended market size:
$806M

PPP adjusted cost:
$11.40

PPP adjusted payback:
6.14

Comments

This calculation assumes that heating and air-conditioning would be used in all the commercial and residential buildings, which may not be a fair assessment of the market.  

Availability

· SUNTEQ GEO DISTRIBUTORS 
2610 Clyde Ave. State College, PA 16801
814-234-2127 / 800-GEO-6772

Technology: Solar Heating Window Curtains

Introduction

Solar heating window curtains are the most inexpensive and efficient way to transform sunshine into radiant heat inside your home. The curtain, made from high-density plastic material, absorbs and traps solar energy against windows, and converts it to heat. The radiant heat is then passed on into the room.

Benefits
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Solar heating window curtains can produce up to 225 BTUs of free heat per square foot (0.7kWh/m2) (Creative Energy Technologies, 2004). 

Costs

Unit cost: 12 ft by 22 ft = $215.25


 $ 0.815 per ft2 ($8.77 per m2)

Limitations

These curtains are semi-opaque, and may not be used by everyone.  It impacts the amount of natural light that gets into the home, and may negatively impact other technologies dependent upon sunlight, such as Passive Solar design.

Market Size

The calculated possible area of windows totals 2.2M m2. This translates to a free source of 30.4 GWh
 of heat energy, or 7.7% of the entire residential and commercial market requirements.  Covering that amount of window-space would cost, at current market rates, would cost $19.1M, and a PPP adjusted cost would value the market at $4M.

Payback Period 

Initial investment: 


Additional cost per m2: 
$8.77


Total m2installed:
2,182,273


Total additional cost
$19.4M

Operating cash inflow: 


Efficiency savings per year
7.7% 



Recommended market size/ 5-yr gains by using technology
$8.9M

Payback period (years):
10.76

Recommended retail price:
$4.08

PPP adjusted additional cost:
$1.84

PPP payback: 
2.26
Comments

The calculation was made under the assumption that an average of 6 hours of usable light per day is used, and only 6 months of heating was needed (summer and the month and a half prior and after summer had comfortable daily mean temperatures not requiring the curtains’ use).  That calculation was the basis for the 7.7% efficiency rating used in our calculations, as this is a sheer savings, rather than an efficiency.  This means that a $343,500 market exists for this technology.

Availability

· Creative Energy Technologies, (518) 287-1428

Design: Bathroom

Introduction
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People are more sensitive to the temperature in the bathroom than in any other room in the house, so it is especially important to make the bathroom comfortable. 

The conventional design of a shower minimises thermal comfort, maximises energy use and water consumption, and exacerbates moisture problems. Most of these negative effects are caused by evaporation. Small droplets of hot water from showerhead will maximize evaporative cooling of the droplets as water particles can be cooled by as much as 30oF (17oC) when they fall from the showerhead to the ground. Evaporation is also accelerated by convective air currents – cold air enters from below the shower curtain, then rises as it is heated by the walls of the shower stall, hot water, and the shower’s heat (Sunfrost, 2004).
Bathroom moisture is often controlled by the use of an exhaust fan. During the winter in Miyun, the low humidity in the outside air further accelerates the rate of evaporation. In addition, heat is required for the fan’s intake. Evaporation is the main source of heat loss from our skin, therefore lower humidity will result in increased heat loss from the shower’s occupant and require using hotter water to maintain comfortable conditions. The walls of a bathroom are often covered with high thermal mass materials, such as ceramic tiles. The tiles will typically be below skin temperature resulting in additional heat loss via radiation and convection. The shower’s occupant will then again compensate for this heat loss by turning up the hot water even further (Johnston, 1995).

Finding the best insulation or installing energy efficient technologies may be possible solutions to these problems. However, sealing the shower stall to prevent airflow to and from the showing area is another simple solution. Additional benefits can be obtained by the incorporation of insulated low thermal mass walls that heat up rapidly (see Materials Section, starting on p. 60), which would result in increased humidity and warmer air inside the shower; a heater would not be necessary. All these effects will increase thermal comfort and reduce energy and water consumption. 

Benefits

The energy-saving shower stall will cut energy costs by reducing the need to heat the bathroom as much, it will reduce the need to turn up the temperature while taking a shower, and will eliminate steamy conditions that cause mould growth, rotting walls and ceilings, and wet insulation.  All of these will extend the lifetime and maintenance of a building as it pertains to the bathroom, and will reduce energy use.

Hot Water (23%)

Water heating is the second largest energy use in the home, after space heating. There are many ways to increase efficiency in this market: using water-efficient technologies reduce the amount of water that requires heating, and employing more efficient water-heating technologies. 

Technology: Solar Water Heaters

Introduction

Solar water heaters are one of the most cost-competitive ways to generate hot water.  Besides the benefit of being pollution-free, the systems also suit the weather of Miyun because they can operate in any climate.  An indirect system (also called closed loop) is appropriate for the area because the fluid in the collectors can utilise antifreeze, thus avoiding maintenance issues (such as broken pipes) in winter (“Selecting a New Water Heater”, 1995).

Benefits

According to U.S. Department of Energy, the initial cost of the solar water heating systems vary from $1,500 to $3,000, which is much higher than an electronic water heater ($150 to $300).  Although the costs of installing the solar systems are higher than other types of water heating systems, they can be more economical over the lifetime of the system.  Generally speaking, paybacks are expected to vary widely from 4 to 8 years (US DOE (E), 2004).  In areas with higher energy costs, paybacks are expected to be shorter.  At the current low prices of electricity in China, however, economic benefits of solar water heaters can not be full realized in the short run.

Costs  

Average daily water demands per person in Miyun area will be 200 litres (McDonough, 2004).  Additionally, it is assumed that residential sector accounts for 30% of total energy that will be used in Miyun and 40% of the water demand will be hot water, which is 80 litres per person everyday.  Thus, a medium solar water heating system with an 80-gallon (303-litre) tank will be appropriate for a house or unit of 3 or 4.  Estimated initial costs of the systems are $1,500 per household. 

Limitations

Solar water heaters require clean, non-hard water for long term operation. Hard or dirty water leads to blockage and corrosion the pipes and storage tanks. Where water is hard, closed circuit systems are recommended, but these are usually more expensive (ESD, 2000).

Market Size

Utilisation of solar energy is being more and more emphasised in China.  In recent years China’s solar water heater industry has grown remarkably.  Sources say that the Chinese government has devoted great efforts to support the solar energy industry, such as budgeting $8B annually for research and development of solar energy development.  Statistics also show that in 2002 the purchase ratios of gas-fired heaters, electric heaters and solar heaters are 57.4%, 31.3% and 7.6% respectively.  As prices of gas and electricity in China are rising, these ratios are expected to be adjusted to 35.8%, 30.2% and 23.2% respectively within next 13 years (“China Solar Water Heater Market”, 2002).  This means that there is a 300% growth in this market segment.

Payback Period 

Initial investment: 


Additional cost per unit: 
$1350 


Installed units per system:
44,679


Total additional cost
$60.3M

Operating cash inflow: 


Efficiency savings per year

$3.36M


5-yr gains by using Solar Water Heaters
$16.8M


30-yr gains by using Solar Water Heaters
$100.7M

Payback period (years):
17.97

Recommended retail price:
$525

Recommended market size
$23.4M

PPP adjusted additional cost:
$283.50

PPP payback:
3.77

Comments

Calculations were based on the percentage of the total energy market estimated to be used for water heating.  It must be noted that solar water heating technologies is already used in China, and that prices are rapidly dropping as the market increases in size and competitiveness.  There are many local providers of this technology.  The adjusted price comes in at nearly $100 less than our recommended retail price, further supporting the current use of this product.  With the development in Miyun, this adjusted price could lead to a $12.6M market opportunity with a 3.8 year payback period.

Availability

· King Solar LLC (www.kingsolar.com), West Linn, Oregon, USA. Telephone: 503-635-5560

· Seisco (www.seisco.com)

· American Solar Energy (www.americansolarenergy.com), 11497 Columbia Dr. Suite 10, Jacksonville, Florida USA.  Telephone: 904-268-8046

Technology: Hot Water Recirculation System

Introduction

Hot water recirculation systems solve the problem of evacuating from the pipes the standing water that has gotten cold since the last shower.  The system uses a circulating pump to quickly move water from a water heater to the fixtures, while simultaneously sending cooled-off water from the hot water lines back to the water heater to be reheated.  Without a recirculation system it could take up to two minutes for hot water to reach the farthest fixtures.  According to Air Conditioning Heating & Refrigeration News(2004), this delay results in a waste of estimated 2.5 gallons of water per use (“Atlanta Homebuilders…”, 2004).  This results in an annual water loss of 3,650 gallons (14 cubic meters, or 14,000L) for a house of four.  With the innovative recirculation system, however, the cooled-off water would simply return back to the water heater instead of going down the drain.  Moreover, hot water arrives at fixtures four to five times faster than average (NAHB, 2004). 

Figure 3 The hot water recirculating system
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Source: Grundfos USA, 2003

Benefits 

By installing this system, it is believed that households will experience significant savings on both water and energy consumption.   According to The Straits Times, by 2005 the average price of water for residential use in Beijing will rise from current 5 yuan per cubic meter to 6 yuan ($0.73) (“Beijing plans price hike…”, 2004).  

Costs

Another advantage of this system is easy installation procedures and low price, which is less than $400 for each unit.

Limitations

Although the system ensures energy savings, not all houses will be able to fully realize the savings.  The degree of savings will depend on the design of the plumbing system, method of control and operation, and homeowner use (Toolbase (D), 2001).

Market Size

The hot water circulator market in China may not yet be matured.  As water prices will most likely rise, the benefits of the system will create a great business opportunity for the U.S. hot water circulator manufacturers.  Based on our calculation, if a U.S. manufacturer could sell a unit of hot water circulation system for about $115, there will be an opportunity of $5.1M waiting ahead.

Payback Period 

Initial investment: 


Additional cost per unit: 
$350


Installed units:
44,679


Total additional cost
$15.6M

Operating cash inflow: 


Efficiency savings per year, electricity
1.2% or $0.59M


Efficiency savings per year, water
5% or $0.44M

Total yearly savings
$1.0M


Recommended market size/ 5-yr gains by using technology
$5.1M


30-yr gains by using technology
$15.1M


Payback period (years):
15.3


Recommended retail price:
$114.50

Recommended market size: 
$5.1M

PPP adjusted additional cost:
$73.50

PPP adjusted payback:
3.21

Comments  

The calculations are fairly straightforward in this case.  For payback period, we added a line summing the benefits in water and electricity to come up with these paybacks.

Availability

· R.E. Williams Contractor Inc. (www.rewci.com), 25876 The Old Road #71, Stevenson Ranch, CA 91381.  Telephone: 1-888-845-6597 or 661-775-5979 

· Temtrol Delta T, Inc. (www.redytemp.com), 151 N. Barnwell St., Oceanside, CA 92054.  Telephone: 760-586-6030 

· ACT Inc. Metlund Systems (www.gothotwater.com), 3176 Pullman St. Suite 119, Costa Mesa, CA 92626.  Telephone:  1-800-638-5863 or 714-668-1200
Electricity(10%)

Technology: Direct Fuel Cells

Introduction

Direct fuel cells (DFCs) store energy in the form of hydrogen gas in fuel cells.  “Direct Fuel Cells operate similar to large, continuously operating batteries except they utilize a fuel to generate electricity, such as natural gas or digester gas from wastewater treatment facilities” (Business Wire, 2004).  McDonough’s plan (2004) includes digester gas facilities as the primary form of wastewater treatment.

Benefits

DFCs do not require a hydrogen infrastructure.  Since they are battery-like, they are transportable, and easy to use.  This means that existing energy-delivery infrastructures need not change in order to use DFCs.

DFCs also use water as a fuel and exhaust water as a waste.  This has significant impacts on environmental sustainability.

Costs

Direct cost data was found on the construction of a fully DFC-based electricity generation facility in the United States.  The data showed that the project cost $19,355,679, and took just over 3 years to construct.  The facility was a 250kW capacity electricity generating facility (NETL, 2004; LOGAN Energy Corp, 2003).  Analysis of the data over a 20-year lifecycle
 results in a calculation of $0.48/kWh, more than eight times the cost of coal, which includes the cost of the facility in this number. 
Limitations

The source of fuel is the biggest limitation.  If biogas was the form of fuel, DFCs could only run on the 13,600L per year of biogas produced annually.  Biogas could be used simply as a natural gas-like fuel for stoves and water-heating on its own. Additionally, DFCs are a supplement to another alternative technology, which may or may not be useful.

Market Size

The potential market size of this technology depends upon the fuel source.  At most, it would be the electricity market in Miyun, which is a total of  439GWh/yr.  Seven plants would amount to about $135.5M, for a total of 14 GWh/yr production of free, clean energy.

Payback Period 

Initial investment: 

Additional cost per plant:
$(480.6M)


Total additional cost
$(480.6M)

Operating cash inflow: 


Efficiency savings per year (fuel mitigation)
$0.12M



Recommended market size/ 5-yr gains by using DFCs
$0.58M


20-yr gains
$2.37M

Payback period (years):
0


Recommended retail price:
N/A

PPP adjusted additional cost:
N/A

Comments

DFCs’ main benefits are their lower start-up costs, which are reflected in the additional cost numbers above.  On a per kWe capacity installed basis, DFCs are much more expensive, on order of 77X the costs of coal.  The yearly benefits are negligible in this case, as well.  While the fuel costs seem negligible, some sort of fuel infrastructure needs to exist to feed DFCs. DFCs will not be able to power all of Miyun’s needs, but may be able to mitigate some of its electricity needs.

Availability

· Fuel Cell Energy (http://www.fuelcellenergy.com/), headquartered in Danbury, CT, is a company that sells DFCs.  Their products have been used in the 2004 Democratic National Convention.  

· LOGANEnergy is also another company that supplies fuel cells, including working with the Coast Guard in Louisiana (LOGANEnergy, 2003).
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Technology:  Biogas Digesters

Introduction 

Biogas digesters take human, agricultural, and livestock wastes and, via an organic process, sanitise the waste.  During the process, burnable methane is produced, which can be burned for the production of heat or electricity (or both, in the case of cogeneration).  There are two types of digesters, but for our project, the continuous type seems most logical, especially with regards to the designs provided by McDonough (2004).  While our analysis is of sewage-based digesters, it must be noted that “A landfill that supports a population of 100,000 people could support about 5 megawatts of generation capacity” using biogas recovery (Kitto, 2000).  Additionally, Kitto mentions that livestock is a big opportunity for the use of this technology.  Much of the research points to livestock as the primary source for the digesters.  Yet, a case study of Townsville, Queensland, Australia, a town of 146,000 people, shows the viability of using sewage to meet energy needs.  

Benefits 

One benefit to biogas digesters is that they are a direct substitute for sewage treatment facilities.  Therefore, the cost of sewage treatment facilities could be the baseline opportunity for this technology.  Additionally, because of their small size, they are much more scalable than traditional technologies.  This is significant because it is more cost-efficient to build a few small plants as they are needed rather than one large plant that is run at a low capacity.  

Most of the benefits of biogas digestion are social and environmental.  Zhang (2002) points out that there is a relationship between deforestation and heat: as heat is needed, people cut down trees in order to use the wood for fuel.  Additionally, the use of biogas improves quality of life and sanitation:  

Biogas digesters play an important role in treating excrements from farmers, live-stock and poultry so that firewood piles and haystacks as well as dunghills are eliminated. As a result, rural areas have taken a new look with greatly improved sanitary conditions. Such gratifying change is also conducive to ethical progress. With the application and popularisation of biogas, labour used to collect firewood has been saved (Zhang, et al 2002).

In the context of China, the role that biogas digesters may have in alleviating pollution may be enormous.  Our earlier work shows that water pollution (due to agriculture and human excrement) is a huge issue, affecting over half of the population.  While we do not foresee this as being a distinct issue in Miyun, we are under the understanding that Miyun may be used as a template for further sustainable development in China.  Under that context, we recommend the use of technologies such as biogas digesters for the social, environmental, and economic benefits (the energy created by biogas digestion is in direct savings to energy created using coal).

Costs

Initial setup cost: $3074/kW production capacity, assuming 120kW capacity (close to our example of 115kW).  Compare to $2000/kW for coal. Note that a coal plant requires fuel, and requires a build of greater than 10MW.  Net costs are therefore $1074.  Our calculations show that this technology, over a 20-year lifecycle analysis, runs at about $.02/kWh.  That is 33% coal’s price on a per kWh basis.  

Limitations 

Our analysis shows, that it would require over 3000 of these digesters to meet the energy needs of Miyun, so at best, these plants would be an add on to the existing energy infrastructure.  

Market Size

Townsville has two biogas plants, at 115kW each, for a total of 230kW of capacity.  We find that with an estimated 500,000 people in Miyun during the week (Worksheet: General), that Miyun could support 6 to 7 of these plants.  This would result in an essentially ‘free’ source of 920 MWh ($160,600 worth) of energy every year, each plant.  On an aggregate level, assuming 7 plants of biogas, that is 6.44 MWh of production annually, a $375,000 per year opportunity.

Payback Period 

One plant analysis

Initial investment: 


Additional cost per kW: 
$ 1074


Installed kW per system:
115


Total additional cost on installed kW-basis:
$117,760

Operating cash inflow: 


Energy savings (free production) per year
920,000 kWh
; $53,500


5-yr gains by using Biogas Digesters
$267,600


20-yr gains by using Biogas Digesters
$1.0M

Payback period (years):
0

Recommended retail price:
N/A

Recommended market size:
N/A

PPP price/ payback:
N/A

Seven plant analysis

Initial investment: 


Additional cost per kW: 
$ 1074


Installed kW per system:
805


Total additional cost on installed kW-basis:
$864,600

Operating cash inflow: 


Energy savings (free production) per year
$0.37M


5-yr gains by using Biogas Digesters
$1.9M


20-yr gains by using Biogas Digesters
$7.5M

Payback period (years):
3.27

Recommended retail price:
N/A

Recommended market size:
$2.5M

PPP price/ payback:
N/A
Comments

Our analysis shows that biogas, on a lifecycle analysis of 20 years costs $.02 per kWh, 15% of coal-fired power plants (Worksheet: Energy Backup; WRBEP, 2004).  Much of the savings is due to not having to pay for fuel.  Combined with the substitution for a traditional sewage facility, which is solely a cost centre for the government in maintenance and operating costs, biogas is a particularly attractive technology.  A PPP price and payback wasn’t done because we believe that the differences in price for power generation are minimal, plus we didn’t need to help our already solid case.

Availability

· Stanwell, Cairns Office, Floor 1, 25 Sheridan Street, Cairns Qld 4870 Australia
PO Box 8176, Cairns Qld 4870 Australia, Phone: (07) 4040 4777, Fax: (07) 4051 4664, Email: info@stanwell.com,  website: http://stanwell.com/
Lighting (6%)

Design: Design for Natural Light

Introduction

Natural lighting has the potential to limit the need for lighting up to 57%, according to a case study by the Cascadia Chapter of the US Green Building Chapter (USGBC, 2004).

Benefits

Natural lighting has positive effects on human beings, as it is something we need to stay mentally stable (Brendetti, et al., 2001; “Seasonal Affective Disorder”, 1993). Additionally, the business opportunity lies in the fact that less lighting would be necessary, and that this could be combined with solar wall technology to provide both light and heating to the building with zero fuel costs.

Costs

Very little additional costs, if any, would be needed for this, as the lighting would be designed into the building.  If a building were designed without this element, only then could the costs truly be assessed.  At this time, the group lacks any fundamental data regarding this.

Limitations

If combined with solar walls, the south-side efficiency of either the light or thermal mass may be compromised, given the theory behind a solar wall (see Passive Solar Section starting on page 22).

Market Size

A 57% reduction in the need for lighting translates into a market opportunity of $1.7M annually.  Translated into the normal 30 year lifetime for a building, and there is a market potential savings in the lighting market of nearly $90M.  This means that up to $90M could effectively be invested in this design principle.

Payback Period

Without any cost data, a payback period cannot be calculated.  It is our belief that this would be a pure savings in the lighting market.

Availability

No limitations to availability are foreseen.

Technology: Compact Fluorescent lamps (CFLs)

Introduction

Low efficiency devices such as incandescent lamps and magnetic ballasts still dominate China’s lighting sector, leading to high electricity consumption and environmental pollution. The standard incandescent light bulb is very inefficient, producing only 10-20 lumens per watt
. About 90% of the energy incandescent bulbs consume is given off as heat, while only 10% is converted into light (RMI, 1997). Fluorescent lighting, on the other hand, produces 30-100 lumens per watt, typically yielding three to four times the amount of light for each watt it consumes. In other words, a 25 watt CFL has the same light out put as a 100 watt incandescent; a 75% reduction in energy use (OSD, 2001). 

Each incandescent bulb replaced with a CFL prevents the emission of 1,000-2,000 pounds of carbon dioxide from power plants that leads to global warming, and 8-16 pounds of sulphur dioxide that causes acid rain (RMI, 1997). 

On an aggregate level, saving electricity on lighting will alleviate electric power supply shortages that create tremendous lost potential for Chinese industries and protect the environment (see Part I).

Benefits

A 25 watt CFL has the same light output as a 100 watt incandescent or 75% reduction in energy and last 10 times longer than incandescent lamps.  Additional environmental benefits include reduction of emissions of 1,000-2,000 pounds of carbon dioxide, and 8-16 pounds of sulphur dioxide, the cause of acid rain, per bulb (Lohuis, 2000; US DOE (C), 1997). 
Costs

U.S. unit cost: $ 9.95

PPP adjusted unit cost: $ 2.09

Limitations

No limitations are foreseen other than the applications that require incandescent use.  These would be exceptional cases.

Market Size (See calculation in Worksheet: CFL calculation)

For Residential

Number of lamps in high density residential-standard
246,977

Number of lamps in medium density residential-standard
712,866

Number of lamps in medium density residential-high standard
730,373

Number of lamps in high density residential-high standard
296,844


Total market size of CFLs for residential
1,987,060

For Commercial

Number of lamps for Office
10,246

Number of lamps for Retail
3,333

Number of lamps for Leisure
985


Total market size of CFLs for commercial
14,564

Total market size of CFLs for Miyun (not including industrial zone)
2,001,624

On a US price basis, 2M bulbs result in an opportunity of $13.4M.  On a PPP adjusted price basis (probably the more reliable of the two in this case) it is $2.8M.

Payback Period 

Table 3 Cost comparison of light bulb types (RMI, 1997)

	Compact Fluorescents: Cheaper in the long run

	
	Incandescent
	Compact Fluorescent

	Watts consumed
	100W
	25W

	Rated lamp life (hours)
	750 hours
	10,000 hours

	# lamps used over 10000 hours
	13
	1

	kWh used over 10000 hours
	1,000 kWh
	250 kWh

	Cost of each kWh
	$ .058
	$ .058

	Operating cost per 10000 hours
	$ 58
	$ 14.5

	Cost per bulb
	$ .25
	$ 9.95

	Bulb cost per 10000 hours
	$ 3.25
	$ 9.95

	Total life-cycle costs
	$ 61.25
	$ 24.45

	Total savings from this one compact fluorescent = $ 36.8


Note: Assumes 5.5 hours a day for 5 years which equal 10,000 hours

Initial investment: 


Additional cost per unit: 
$6.70


Installed units per system:
2M


Total additional cost
$13.4M

Operating cash inflow: 


Efficiency savings per year
$2.2M


5-yr gains by using technology
$10.9M

Payback period (years):
6.13

Recommended retail price:
$8.72

Recommended market size:
$17.4M

PPP adjusted additional cost:
$1.41

PPP adjusted payback:
1.29

Comments

CFLs at their current PPP adjusted price show why they are a popular item in Beijing, from the experience of the writers.  This technology is a perfect example of sustainable technologies being used to solve problems profitably.

Availability 

· Light bulbs Etc, Inc. www.lightbulbsdirect.com

Technology: Occupancy Sensor

Introduction

When people forget to turn off the lights, the wasted lighting energy can add up quickly. One way to ensure that lights are used only when needed is with occupancy sensors. Occupancy sensors detect the presence of people in a room. Ultrasonic motion sensors turn lights on and off in response to movement while infrared sensors respond to body movement. 

Benefits

Occupancy sensors reduce lighting energy consumption an average of 45% (Green Seal, 1997)
Costs

Occupancy sensors cost around $50.  The PPP adjusted unit cost is therefore around $10.50.

Limitations

The savings will vary depending on the area lit, type of lighting and occupancy pattern. In some applications, savings can approach 75%, however, typical savings are approximately 45% (Green Seal, 1997).
Market Size (See calculation in Worksheet: CFL calculations

High density (standard) housing
69,402


Medium density (standard) housing
99,430


Medium density (high standard) housing
111,034


High density (high standard) housing
78,450


Total market size (sensors)
358,316 

Note: Each residential type has average area of 120-150 m2 per floor. 

At $50 per sensor, this is an opportunity of $17.9M.  At a PPP adjusted price would be valued at $3.7M.

Figure 4
[image: image3.png]Coverage for Large Areas

SENSOR TYPICAL MOUNTING MINIMUM
TYPE/CATEGORY HEIGHT (ft.) COVERAGE AREA (ft?)
Wall Switches 35 300

Wall Mount 8 900

Ceiling Mount 81010 1500
Hallway 81010 100 linear ft
Combination - Wall 81010 1200

Mount

Combination - Ceiling 81010 1800

Mount





Note: One square meter is equal to 10.764 square feet

Payback Period 

Initial investment: 


Additional cost per unit: 
$50


Installed units per system:
358,316


Total additional cost
$17.9M

Operating cash inflow: 


Efficiency savings per year
$1.3M


Recommended market size/ 5-yr gains:
$6.6M

Payback period (years):
13.6

Recommended retail price:
$18.33

PPP adjusted additional cost:
$10.50

PPP payback:
2.86

Comments

The adjusted price of this technology seems reasonable, as it is an electronic device; China is a hub of electronics manufacturing, and should be able to cover the spread of nearly $8 per unit to reach a suitable payback.

Availability

· MyTech Corp (512-450-1100)

· Novitas, Inc. (310-568-9600)

· Sensor Switch (203-265-2842)

· Technology Design Centre, Inc (610-539-4210)

· Unenco (510-337-1000)

· The WattStopper (408-988-5331)

Technology: Dimmable Ballasts

Introduction

Dimmable ballasts allow the lighting level to be lowered when the lights are not needed at full power. The lower the light levels, the lower the energy use. It also extends the life of bulb. 

Dimmable ballasts are often used where a skylight or some other kind of daylight is in place, and would be a great complement to passive solar design and architectural designs that allow a lot of natural light into rooms.

Benefits

The savings depend on the space they’re installed in and the level of dimming. 

Table 4 Dim and Save (RMI, 1997)

	The level of dimming
	Electricity saved
	Extends lamp life

	10% dimmed
	5%
	2 times

	25% dimmed
	15%
	4 times

	50% dimmed
	30%
	20 times

	75% dimmed
	50%
	Over 20 times


Costs

Unit cost of dimmable ballast for a fluorescent bulb and tube: $ 45 

Market Size (See Worksheet sheet “CFL calculation”)

Number of bulbs possible in Miyun residential area
1,987,060 units

Number of bulbs possible in Miyun commercial area
     14,564 units

     Total market size of dimmable ballast 
2,001,624 units

Payback Period 

Table 5 Per-bulb analysis (used as basis for aggregate analysis)

	
	w/o dimmer
	10% dimmed
	25% dimmed
	50% dimmed
	75% dimmed

	kWh used over 10000 hours
	250 


	237.5
	212.5
	175
	125

	Electricity saved
	$ 0
	$ .725
	$ 2.175
	$ 4.35
	$ 7.25

	# lamps used over 10000 hours
	1
	0.5
	0.25
	0.05
	0.02 (est. 50 times lamp life extension)

	Cost of lamp saved over 10000 hours
	$ 0
	$ 4.975
	$ 7.4625
	$ 9.4525
	$ 9.751

	Total saved
	$ 0
	$ 5.7
	$ 9.6375
	$ 13.8025
	$ 17

	Payback period
	
	39.47
	23.34
	16.301
	13.325

	Suggested retailed price
	
	$ 5.7
	$ 9.6375
	$ 13.8025
	$ 17


Comments

This technology is best used when combined with architectural design that maximises the natural light capacity in living spaces.  In practice, these dimmable lights could be used selectively in areas with a lot of natural light, such as outdoor lighting and primary living-space lighting (as they are used now).  We used a different method for payback for this technology because of its variability.  The mechanisms and methodologies we have in place for most of our calculations do not accurately reflect this situation.

Availability 

· Good Mart Company: www.goodmart.com


Cooking (7%) 

Cooking accounts for about 7% of all energy used in the home. There are many ways to increase efficiency in this domain, which saves the user money and reduces pollution due to energy generation.  In hot climates, cooking drives up energy costs by increasing the load on air conditioners.  In the scope of Miyun, McDonough (2004) tells us that the Chinese generally do not utilise air conditioning technology, but definitely employ heating technologies.  We will assume that the high-standard residential units will be the only areas of development to employ air conditioning technologies. 

Technology: Microwave 

Introduction
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Microwave ovens use less electricity than electric ovens, and are particularly effective for reheating meals. Microwaves heat food directly by exciting water and fat molecules in the food, which means they don’t waste energy heating air and metal. Conventional ovens are inefficient because in order to heat up the food they must first heat up about 35 pounds of steel and a large amount of air. The research indicates that only about 6% of the energy output of a typical oven is actually absorbed by the food (RMI, 1997). In addition, newer models feature “smart” controls that sense when food is done and turn the oven off to avoid overcooking.

Benefits

Microwaves save up to 83% of the electricity used by conventional electric ovens.  Via the efficiency of this cooking method, microwaves indirectly reduce air-conditioner load.  Microwaves also save cooking time in many cases, such as making tea (California Energy Commission, 1999; RMI (D), 1997).
Table 6: Energy costs of various cooking methods: an estimate of the cost of different options for cooking a typical casserole (California Energy Commission, 1999)

	Appliance
	Temperature (oF)
	Time
	Energy
	Cost

	Electric Oven
	350
	1 hour
	2.0 kWh
	$.116   (100%)

	Electric Convection Oven
	325
	45 minutes
	1.39 kWh
	$.08     (69%)

	Electric Frying Pan
	425
	50 minutes  
	.95 kWh
	$.055   (47.4%) 

	Toaster Oven
	420
	1 hour
	.9 kWh
	$.052   (44.82%)

	Electric Crock pot
	200
	7 hours
	.7 kWh
	$.04     (34.5%)

	Microwave Oven
	"High"
	15 minutes
	.36 kWh
	$.02     (17.2%)


Costs

U.S. unit cost of microwave 
$ 75 - $ 150 (Average $ 100)

PPP adjusted unit cost of microwave
$ 21

Limitations

Microwave ovens are not well suited to cooking large-sized portions. Also, cooking by microwave is limited by specific kinds of food, mostly instant frozen food or just a dish of casserole, which implies an infrastructure capable of managing frozen foods. As already mentioned, the Chinese are more familiar with flame cooking.

Market Size

Total high standard dwellings (units)
23,169 

Microwave demand per household
1

Total market size (units)
23,169



$23.1M

Payback Period 

Initial investment: 


Additional cost per unit: 
$100


Installed units per system:
23,169


Total additional cost
$23.17M

Operating cash inflow: 


Efficiency savings per year
$2.0M


5-yr gains by using technology
$9.8M

Payback period (years):
1.26

Recommended retail price:
N/A

Recommended market size 
$2.5M

PPP price/payback:
N/A

Comments

The efficiency savings of this product are based on an average cost savings of 58% (an average of between 40% and 70%, the estimation that not all food is suitable for microwave use).  This is a fairly low-cost, efficient technology, and an alternative calculation shows that at a 20% efficiency savings, this technology still fits the 5-year payback threshold.  An adjusted price an payback was not necessary to prove our case for this technology.

Availability

Microwaves are available at major retail outlets.

Other Residential Applications
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Technology: Solar Battery Powered Refrigerator & Freezers

Introduction

Solar refrigerators could be the most efficient, lowest energy consumption available in the market. Whereas traditional 16 cubic foot freezers and refrigerators use 3000 watt-hours each day, solar refrigerators of the same size use about 1000 watt-hours each day (Richter and Schlussler, 2003).

A typical refrigerator adds as much heat to your kitchen as a 1000-watt heater running four hours per day during the summer. The energy required by an air conditioner to remove this excess heat will be about half the energy consumed by the refrigerator, which increases the cost of running the refrigerator by an additional 50% during months requiring cooling (about 4.5 months) (Richter and Schlussler, 2003). Super-efficient electric refrigerators and freezers are designed with 3 to 5 inches of insulation and a top-mounted compressor. The heat generated by the compressor and condenser (black coils on the back of many refrigerators) never reaches the refrigerator (Sullivan, 1995). As such, there is no heat going back into the box and no radiator on the back. This type of refrigerator sits flush against the wall and requires no clearance behind it. With a cooler running condenser, the efficiency of the entire cooling system is increased. 

Presently, all models of solar refrigerators are available in 12 or 24 volt DC, or 110 volt or 220 volt AC, alluding to the possibility of plugging into the grid.

Benefits 

Solar refrigerators use 66% less energy than a standard refrigerator, and they release no excess heat to the room, which, if air conditioning were considered (as it will be in the high-standard living), saves an estimated 50% of the summer cooling energy. These appliances also save space.  In total, our calculations show that these refrigerators save 74% the energy of a traditional refrigerator when air-conditioning is factored in.
Costs

U.S. unit cost: $2,655
 (16 cu. ft. model as shown in the picture above)

PPP adjusted unit cost: $557.55

Limitations

Market Size 

Total dwelling units
44,679

Demand of refrigerator per household (units)
1

Total market size (units)
44,679

Payback Period 

Table 7 Annual refrigerator energy use (Richter and Schlussler, 2003)

	
	16 cu. ft. Normal refrigerator
	16 cu. ft. Solar powered refrigerator

	Daily energy consumed
	3,000 Watt
	1,000 Watt 

	Annual energy consumed
	1,094 kWh
	365 kWh

	Cost per energy
	$ .058
	$ .058

	     Operating cost
	$ 63.51
	$ 21.17

	Cost of running air conditioner
	547.5 kWh
	0 kWh

	     Additional operating cost
	$ 31.75
	$ 0

	     Total operating cost
	$ 95.26
	$ 21.17

	
	
	

	Annual savings of Solar powered refrigerator $ 74.09


Initial investment: 


Additional cost per unit: 
$ 2255


Installed units per system:
44,679


Total additional cost
$100.8M

Operating cash inflow: 


Efficiency savings per year
74%; $2.65M


5-yr gains by using technology
$13.3M

Payback period (years):
38

Recommended retail price:
$697

Recommended market size
$31.1M

PPP adjusted additional cost:
$557.50

PPP adjusted payback:
8.0
Comments

This is an example of how the PPP adjustment makes this a viable option.  If this refrigerator could be produced at the PPP adjusted price, the payback period would be 8 years, very close to the 5-year threshold, especially for a solar technology.  We believe that the true number sits somewhere between the researched price and the adjusted price.

Availability

· Sunfrost Company – This company has long been considered to have the most efficient models on the market. (RMI, 1997), www.sunfrost.com, (707) 822-9095

Technology: Home Composting Bin

Introduction

Composting is an environmentally friendly way to get rid of your scraps. Micro-organisms in the compost convert plant scraps into humus or the natural fertilizer that nourishes the trees. The compostor also keeps garbage clean and odour-free by accepting foods that would otherwise rot and produce odours, while saving you money on trash pickups (University of Missouri, 2004).

The compostor, shown in the picture, is a truly solar-powered compostor. It is 3 ft. high and 2 ft in diameter, and constructed from ¾ of a solid oak Bordeaux wine barrel. The clear dome is made of acrylic plastic that resists solar degradation. 
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A warm environment accelerates the composting process. The insulated walls of the composting chamber trap solar heat collected through the dome, along with heat generated internally by respiration of composting microbes. A unique feature of this insulation is its ability to keep the heat in, while it allows oxygen to freely flow to the composting microbes. The unique shape of the acrylic bubble not only collects solar energy, but channels water to where it is needed most (Sunfrost, 2003). Inside the compostor, the plants extend their roots to the bottom of the compost chamber and directly extract nutrients from the composted food scraps. This process continues the natural cycle. 

The ability of the compostor to rapidly decompose food scraps decreases the rate at which the chamber fills up. As food scraps decompose, they will decrease in volume by 20 times or more. As such, it takes about 6 months for a family of four, or 2 years or more for a single-person household, until the compostor is filled up (Sunfrost, 2003). The compost can be removed for use as a perfect plant fertilizer. 

Benefits

Compostors save money by reducing the amount of garbage needed for pickup.  If there is a fee for the residents in Miyun, it could potentially save them some money.  Additional benefits include a reduction in water use because of the moisture content in compost, and, of course, compost is a great fertiliser.  As mentioned in our earlier work, fertilisers are an issue in the overall context of China as it pertains to water quality.

Costs

Unit cost: $300

Limitations

Compostors require the exclusion of fatty/greasy foods, as well as animal products and wastes.  They only are effective with a balanced input of ‘green’ and ‘brown’ vegetation (‘brown’ matter is like grass-clippings, ‘green’ is table scraps).  Our Chinese team member doubts the use of this for cultural reasons.

Market Size

Number of dwellings in Miyun residential area
44679

Number of compostor used per dwellings (assumed)
1/10

Total market size of compostor 
4468

This assumes a redesign of the product, slightly, to accommodate for a larger, but communal capacity.  The market size amounts to a total of about $1.34M.  This won’t be adjusted for PPP because of the assumed redesign.

Payback Period

No payback period could be calculated because the MIM team could not find any rates for garbage in the area.  Payback would be defined as the cost savings in the relevant services saved.  It must be noted that the primary benefit of this technology is environmental, though.

Part 4: Water Technologies

Technology/Design: Greywater Reuse System

Introduction

Greywater is wastewater from baths, sinks, washing machines, and dishwashers. Wastewater from toilets is usually called “blackwater” because it contains disease-carrying viruses or bacteria. Unlike blackwater, greywater does not require complicated treatment process because it contains far less organic material (Bennett, 1995).  A greywater reuse system result in significant savings in water consumption because wastewater from baths, sinks, washing machines, and dishwashers can be recycled and reused for other type of purposes.  By planning into new residential construction and designing plumbing systems, households can separate greywater from blackwater and benefit from the savings in water use.
Greywater accounts for about 60% of a household’s wastewater per day.  However, wastewater from kitchen sinks and dishwashers is not advised because it poses problems associated with grease, food particles, and detergent. Wastewater from water softeners is not recommended because it contains high concentrations of salt.  As a result, it is estimated that greywater systems improve the efficiency of applied water by 45%.  Ideally, 40% of the reused greywater will go to toilet water uses and the other 5% will have other uses.

Figure 5 Proportion of water use, based on US water habits
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Source: Greywater, 2004.

Another advantage of a residential greywater system is ease of installation.  Generally, a greywater system has three distinct elements: the drain-line plumbing, a holding tank and associated components, and the irrigation delivery system.  The holding tank cools the water and temporarily holds it back from the drain hose (Bennett, 1995).  The systems can either be custom designed and built or purchased as a package.  It is believed that in Miyun, a completely new construction project, the systems can be easily built-in as a part of the design process, most likely lowering costs.  

Benefits

Installation costs for greywater systems range widely depending on system types.  For residential applications, a medium-tech type of system will be sufficient.  This type of greywater system allows households to use all greywater as sources and comes with storage tanks.  According to the concept master plan for Miyun Community, water consumption is estimated to be 200 litres per person per day (52.78 gallons). The 45% efficiency of a greywater system will translate into a potential daily water savings of around 23.75 gallons per person per day, and an aggregate yearly savings of $3.7M. 

Figure 6 A diagram of a greywater system
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Source: Greywater, 2004.

Costs 

Costs for this type of greywater system are usually between $1,000 and $1,500 (Bennett, 1995).  
Limitations

No limitations are foreseen.

Market Size

Greywater systems could create $4.57M annual savings in water.  Based on our analysis, if the U.S. manufacturers could install the grey water system at a price of $1000 per unit, there is an opportunity of $44.7M; the PPP price of $210.00 per dwelling results in a business opportunity of approximately $9.4M.  We believe that this system could be modified to a more efficient, multi-family context, greatly improving the efficiency of this technology.
Payback Period 

Initial investment: 


Additional cost per unit: 
$1000


Installed units per system:
44,679


Total additional cost
$44.7M

Operating cash inflow: 


Efficiency savings per year
45%; $3.7M


Recommended market size/ 5-yr gains by using technology
$18.7M


30-yr gains by using technology
$112.0M

Payback period (years):
12

Recommended retail price:
$418

PPP adjusted cost:
$210

PPP adjusted payback (years):
2.5
Comments

Our calculations are based on single-family prices, and we believe that larger, multi-family systems will increase cost-efficiency (see Worksheet: Results for that calculation), probably up to 10 units per $1000 system.  Note that our adjusted numbers represent the low estimate of the possible price for this technology, while our researched number is our high, and that our retail price fits very close to the middle of that range.  Residential greywater systems play a critical role in saving water consumption in Miyun Sustainable Community.  As mentioned, the efficiency savings of a greywater system is about 45%.  The 45% of water recovery in the area will drastically help solve the water crisis in China.  Additionally, a RMB1 hike in water rates would change the payback period (non-adjusted) to 8.3 years, a full 1.5-year reduction.  Our research shows that hikes of this nature are likely in the near future.

Availability
· Architerra Enterprises, Inc. (www.thenaturalhome.com), 0186 SCR 1400, BRR, Silverthorne, CO 80498.  Telephone: 1-800-563-9720 or 970-262-6727

· Greywater Saver (www.greywatersaver.com), P.O. Box 7082, Spearwood, W.A. 6163.  Telephone: 040-331-9410

· Pure Cycle Environment, LLC. (www.purecycle.com), 201B State St., North Haven, CT 06473.  Telephone: 203-230-3631 

Technology: Low-Flow Dual Flush Toilets

Introduction

As mentioned earlier, toilet flushing accounts for about 40% of a household’s water use.  It has been proved that by adopting newly designed toilets a household will have significant savings in water consumption.  Three different types of toilets are available in the market now: standard, low-flow and dual flush toilets.  
Benefits

A standard toilet is a traditional type of toilet that uses about 3.5 gallons per flush.  Recently, however, standard toilets are being replaced by low-flow ones, which use a maximum of 1.6 gallons of water per flush (Toolbase (B), 2001).  According to sources, low-flow toilets alone could save up to 14,000 gallons of water per year for a family of four (Harrison, Robison & Taylor, 2003).  A new more efficient type of toilet is now available for consumers—dual flush toilets.  A dual flush toilet offers two flushing modes—a half-flush (0.8 GPF) for liquid and a full-flush (1.6 GPF) for solids (“What to Know Before You Go Low Flow”, 2002).  Dual flush models have been proven to use less water than any other type of toilets.  The table and figure below show the differences in water savings by using standard, low-flow and dual flush toilets:   

Table 8 Water use in homes with standard, 1.6 gallon, and dual flush toilets (Toilet Water Savings, 2002)

	
	Avg. Gallons per Flush
	Avg. Gallons per Person Per Day

	Non-conserving Home
	3.61
	18.8

	Conserving home (1.6 gpf toilet)
	1.54
	9.1

	Conserving home (dual flush toilet)
	1.25
	6.9


Figure 7 Annual water use: a comparison (Toilet Water Savings, 2002)
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Costs

Unit cost of a two-button flush toilet (source):
 $300.00

Limitations

“The initial introduction of low flow toilets generated complaints that the low-flow toilets had trouble clearing the bowl and frequently clog. Flushing performance has improved in recent years but some models may still not perform as well as older high flow toilets” (Toolbase (D), 2001).

Market Size

US costs of installing low-flush toilets in all of Miyun add up to $20.3M, an additional cost of traditional toilet of $12.2M.  An adjusted cost translates into an opportunity of about $2.6M.

Payback Period 

Initial investment: 


Additional cost per unit: 
$ 180


Installed units per system:
67,848


Total additional cost
$12.2M

Operating cash inflow: 


Efficiency savings per year
63%; $3.7M


Recommended market size/ 5-yr gains by using technology
$16.2

Payback period (years):
3.76

Recommended retail price:
N/A

Recommended market size
$20.3M

PPP adjusted additional cost:
$38

PPP adjusted payback:
0.8

Comments

Based on our analysis, the benefits of installing low-flow dual flush toilets are significant.  At current, US-based prices, the paybacks are under the 5-year threshold.  If the PPP adjusted price is used as the basis for this calculation, that payback period shrinks to 0.8 years, an exciting discovery. Water is an issue of serious concern in the Miyun Sustainability Community, and these toilets will definitely help reduce residential water consumption. 

Availability

· Caroma USA, Inc. (www.caromatoilets.com).  Telephone: 1-888-595-1122

· Keralor USA, Inc. (www.keralorusa.com), 501 Danube Avenue, Tampa, Florida 33606.  Telephone: 1-888-352-2284 or 813-250-9156

· TOTO USA, Inc. (www.totousa.com), 1155 Southern Road, Morrow, Georgia 30260.  Telephone: 770-282-8686

Technology: Low-Flow Shower Heads 
Introduction

Low-Flow Shower Heads reduce water use from showers by nearly 50% by simply aerating the water using a special nozzle.  
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Benefits 

Low-Flow Shower Heads result in reduction from 4 to 5 gallons per minute in the shower to 2.5 gallons per minute (20L to 8L) (Alabama Power, 2004; Sempra Energy, 2004).  Besides saving water, this saves additional energy; there is less hot water needed, therefore the energy required to heat the water can be conserved.  This results in a savings of about 650 kilowatt-hours a year per shower head (Nebraska, 2003).

Costs

Low-Flow heads start at around $3.50 (Home Depot, 2004).  Our research found that the low-flow models were the least expensive, therefore an upfront cost savings will be realised if this technology is used.

Limitations

No limitations are foreseen.

Market Size

Two markets will be considered during the evaluation of this product.  Firstly, the Residential heating market will be considered, and secondly, the proportion of the water market used for showers.

23% of all energy is used for water heating (McDonough, 2004).  A 50% savings in this market translates into $12.1M ($2.4M per year) in savings over 5 years due to energy efficiency in dealing with this product alone (See Worksheet: Water).

Shower water is assumed to be about 30% of the residential use of water.  That translates to 3.4B L of water used annually, and translates to $2.5M of value.  A 50% savings in this water translates to $1.25M of pure savings per year, and after 5 years, $6.23M (See Worksheet: Water).  

Together in total, this product nets an $18.33M savings with zero additional investment.

The market size for over 67,000 shower units translates into a $237.5K opportunity.

Payback Period 

Immediate:  There are no additional costs using this product.  The savings created can be passed on to other technologies, which may have a slower payback time.

Formula: Payback period (year) = Initial investment / Operating cash inflow per year

Initial investment: 


Additional cost per unit: 
$0


Installed units per system:
67848


Total additional cost
$0

Operating cash inflow: 


Efficiency savings per year, electricity
12%
;$2.43M per year


Efficiency savings per year, water
15%
;$1.245M per year


5-yr gains by using technology
$3.675M per year

Payback period (years):
Instantaneous

Recommended market size:
$237,000

Comments

Low-flow devices are a great example of how conservation technologies save money.  There is no reason why this product should not be employed.

Availability

· Interbath: Homedepot.com Internet/Catalog # 500413

· Resources Conservation: Homedepot.com Internet/Catalog # 530225

Technology: Composting Toilet

Introduction

Up to 40% of water consumed in a home is used in the bathroom (Johnston, 1995). Conserving water can save money in various ways: by simply reducing the water bill, but also by lowering energy used for water heating. Composting toilets require neither water nor sewage treatment facilities; potentially saving municipal services a lot of money. 

Composting toilets are designed for ease of use. Each time the compostor is used, instead of flushing, the mixer is rotated several times and the newly deposited contents are buried in the soil-like material in the compostor.
The compost is pasteurised before it is removed from the compostor due to the natural processes involved. The temperatures attained in pasteurization are moderate: high enough to kill [image: image19.jpg]


pathogens, but not enough to kill all the beneficial microbes  (Sunfrost, 2003).
A composting toilet is especially suited for Miyun, as most of the residential area is adjacent to vegetated areas, which facilitates compost use. 
Presently, there are various models of composting toilets in the market. The most efficient model is one that requires no fan or heater, so no energy is needed.   Instead, its odourless operation is achieved by a 4in. (10cm) vent mounted at the top-rear of the unit. However, for heavily used toilets, a 12-volt fan should be installed in the vent stack. This fan draws only 1.9 watts (16.6 kWh/yr) and can be powered by a solar panel. 

Benefits

Composting toilets save over 3000 gallons (12000L) per year, per toilet, when compared to a typical toilet.  Composting toilets require no energy for water pumping.  This system is much less expensive than a distributed sewage system, and removes the polluting aspects of nutrients and pathogens in the waterways, mentioned earlier in our research as a problem affecting half of the nation’s population.  The additional environmental benefit is that it turns a waste product into a valuable soil amendment
Costs

U.S. unit cost: $800 

PPP adjusted unit cost: $168

Limitations

The finished compost should not be used on crops that are uncooked and are in contact with the soil.  Additionally, our Chinese group member has reservations about the use of this product on a cultural level; it may be quite an adjustment to have a toilet with no water or may not meet expectations.

Market Size

Demand for toilet in residential area
67848

Estimated number of toilet composting per toilet
1

Total market size of toilet composting in Miyun residential area
67848

Using these numbers, the market opportunity for supplying this market is valued at $54.3M.  Using a PPP adjusted cost, this amounts to a $9.7M opportunity.

Payback Period 

Initial investment: 


Additional cost per unit: 
$ 680


Installed units per system:
67,848


Total additional cost
$46.1M

Operating cash inflow: 


Efficiency savings per year
100%; $5.1M


5-yr gains by using technology
$25.6M

Payback period (years):
9

Recommended retail price:
$498

Recommended market size
$33.7M

PPP adjusted additional cost:
$168

PPP adjusted payback:
1.89

For additional information regarding paybacks for this technology, please refer to the Appendix: Composting Toilet.
Comments

Not included in the calculation is the value of the compost that will be produced.  Compost is typically a high value-added product that is far from inexpensive.

Availability

· Sunfrost Company, www.sunfrost.com, (707) 822-9095

Part 5: Construction Materials

Construction materials are an important piece of the research.  Careful attention must be made to identify proper building materials for the environment, with considerations given to local and low-energy-intensity building materials.  One issue we had during our research was the way things were costed.  Many of the materials were based on a floor area basis, rather than the amount of wall area.  For these calculations, we calculated our assumptions (see Worksheet: Construction). From these assumptions and data, we came up with a total area that will be developed of 33.18M m2.  

Regarding market size, we used an average number of CNY2300 ($278), which is a little bit on the conservative side, but since we are dealing with a non-urban area, we feel this is a fair number (Yin, 2002; Jun, 2004; China Daily, 2004).  That means there is a construction market opportunity of $9,250.7M.  A material that could save 30% in costs would result in a savings of $2,775M.  

In the scope of this project, using a conservative number like this is actually to our disadvantage regarding paybacks.  It must be noted, though, that the market size for all of construction materials is difficult to aggregate until solid plans are made as to how the building are to be built, and as to what proportion of the building is made from which material.  Nevertheless, we did the best that we could with the information provided and gathered.  We made assumptions as to the dimensions of the buildings (See Worksheet: Construction), and only could obtain values for the Residential sector in those cases.

Traditional Building Materials

There are a variety of traditional building materials that are used.  To frame our argument for sustainable technologies, analysis of some of these will be shown.  Data for the basis of many of these calculations can be found on our Worksheet: Construction, Data Calculations, Materials Costing, and any other relevant tabs. 

Technology: Traditional Brick and Tile

Introduction

According to Sha (2000), China suffers from traditional impediments to changes in building materials:

“In spite of the advantages of new walling materials, such as being lightweight, having good insulation and energy-saving qualities, most people involved in construction projects, especially contractors, have a prejudice in favour of solid clay brick because of its availability and `easy-to-handle’ property.” (Sha, et al., 2000)

Benefits

The main reason why clay is still being used is because of its inexpensive nature (Sha, et al., 2000), and familiarity in building with this material.

Costs

There are no additional economic costs associated with this product, as it is a traditional technology.  No data could be gathered to accurately estimate how much typical Chinese bricks cost.

Limitations

The problems with using clay bricks as a sole building material are 3 fold:  

Land use: “One per cent of cultivated land is excavated to produce solid clay bricks” (Sha, et al., 2000). This is problematic because land use dynamics are changing, and China is quickly losing cultivated land.  China is barely above the “critical cultivated land level proposed by the United Nations” (Sha, et al., 2000).  Additionally, brick kilns cover 300 hectares (ha) of land, and use coal, which also impacts land use, air quality, and water quality.
Energy use:  The more than 120,000 kilns consume 60 million tons of standard coal each year (resulting in 220M tons greenhouse gasses (see Appendix: Energy: Environment; Zimmerman, 2000), representing 7% of the total use of energy resources in China. Solid brick also has a low R-value, resulting in poor insulation, which in turn results in the waste of heating and cooling energy. (Sha, et al., 2000).

Because of their size, brick kilns are too small to “effectively deal with the amount of fly ash and CO2 and SO2 emissions”.  This results in kilns being a main source of air pollution (Sha, et al., 2000).

Lawson (2000) shows, using a life-cycle analysis, that clay bricks are the most damaging to the environment, as compared to timber, steel and AAC (see Technology: Foamed Concrete, page 68) block materials.

Market Size

The market size for this is the total area of development.  The total area of development of Miyun is in the appendix (Worksheet: General).  Using a CNY2300 ($278) per m2 cost (Yin, 2002; Jun, 2004; China Daily (C, 2001); (F, 2004); (H, 2004)).

Payback Period 

A payback period is not applicable for this technology, as it is a traditional technology.

Technology:  Concrete

Introduction

Concrete is a traditional technology that is being used more and more throughout China.  It has a low R-value (1.11 for 8 inches (20cm) of thickness) (Sizes.com, 2004), and is rapidly increasing in price on the world market because of the demand in China (40% of the world demand).

Benefits

Concrete is time-tested and strong.  Builders are also familiar working with this material.

Costs

The San Francisco Chronicle (17 August 2004) estimates concrete costs about $135 per m3, while Molalla Ready Mix and Hoffman Construction estimate a cost closer to $104 per m3 (Levy, 2004; MRM, 2004; Klein, 2004). Our calculations translate this to a per m2 cost of about $110 (see Worksheet: Data Calculations: Concrete Slab Calculation). It must be noted that the costs of concrete is highly localised.

Limitations

No limitations are seen for this technology.

Market Size

The amount of concrete possible in Miyun varies on the design of Miyun.  If there are just slabs being poured, that will be different than using concrete blocks.  Our calculations show that it would cost $169M to build the residential portion of Miyun with concrete bricks.  We did no calculations for poured concrete, other than the slab costs ($61.6M).

Payback Period 

This is a traditional technology therefore a payback period is not applicable.

Alternative Building Materials: Cost Saving Technologies

Design:  Frost Protected Shallow Foundations 
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Introduction

Frost Protected Shallow Foundations (FPSFs) save both energy and construction costs, and are an alternative to concrete slab foundation construction.  They have been used in Scandinavia for over 40 years, and are most efficient in cold climates (Toolbase (A), 2004).

Benefits
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FPSFs save on the amount of concrete used, which translates to using less material.  FPSFs use insulation and drainage techniques to raise the frost line, which is a necessary part of US building code.  The cost savings, according to the Toolbase (A) article (2004) range from 15-21%
.  

Costs

There are no additional costs for this process, other than possible design time considerations.  In fact, there is a decrease in costs due to the use of less material.

Limitations

No limitations are foreseen, as this technology is used in climates much colder than Miyun.

Market Size

The market size for this is the proportion of the $10B construction market that is used for foundations.  About 14M m2 of floorplate development is planned in Miyun.

Payback Period 

There are no additional costs, just savings.  Doing a quick analysis of just the residential portion of the market, we have determined the following numbers.   Our number showed a cost of about $104 per m3 of foundation (see Worksheet: Construction for our calculations) (Molalla 2004; Hoffman, 2004).  Using 20% less of this material means that, on a development wide basis, foundation costs can be cut nearly $21 per m2 (20% x $104 =$20.8).  Assuming a one-meter thick foundation, the 20% savings means that these foundations would be 80cm thick.  This would save on order of $1,198.2M over the footing area of 14.4M m2 of development.

Availability

This is not a technology that is bought; it is simply designed into the product.

Technology: Compressed Earth Block (CEB)
Introduction

Environmentally friendly Earth-Bricks Construction Technologies, which use natural building material, have been widely used in many areas of the world.  These bricks are resource efficient because they are made of recycled material.  

Benefits

There are numerous environmental benefits of CEB.  The first benefit is pollution reduction.  CEB production eliminates the need to fire bricks (done with coal) and thus, minimises related environmental impacts resulting from coal burning.  Reduction of primary energy use is another strength of CEB.   According to sources, “CEB production requires only 5% of the energy required to fire clay bricks” (“China Projects—Guanghan”, 2002).  

Other advantages such as uniform dimensions, use of locally available materials, and reduction of transportation also contribute to make CEB valuable (Nelson, 2004).  Importantly, CEB is as durable as fired brick or solid stone.  It is believed that these bricks are one of the best possible solutions for heavy residential and commercial buildings in Miyun Sustainable Community.  
Costs

A home of 1200 square feet (111.5 m2) would require about 7000 compressed earth bricks (China Projects—Guanghan, 2002).  However, stabilisation of CEB can entail an additional cost between 30 and 50% of the price of the blocks (Rigassi, 1985). 
Material cost: $.12 per standard block (“The Terra Block System”, 2004).

Limitations

One drawback of CEB, however, is the fact that these blocks are heavy.  Typically, they weigh from 25 to 50 pounds depending on their size and content, which translates to approximately 1200 pounds per square foot (245 kg/m2)(“Compressed Earth Blocks”, 2004).  Consequently, the foundation for a typical earthen structure must be appropriately constructed to support the heavy weight. 

Market Size

Total area of development: 
33M m2

Total number of blocks needed for residential construction
: 
2,083.5M

Total material costs of CEB: 
$6,250.4M

Our analysis finds that the use of CEBs will save in construction costs a total of $218M.

Payback Period 

Initial investment: 


Additional cost per unit: 
($0.58)


Installed units per system (residential):
376M


Total additional cost
 17%; ($218M)

Comments

Research shows that compressed earth blocks are not widely used in US construction.  As a result, there are very few CEB manufacturers in the US.  CEB is considered a highly resource-efficient alternative of concrete in recent constructions of China. 

Availability

· Aureka Auram Co. (www.aureka.com) Aureka, Aspiration, Auroville 605 101, TN India 

Opportunity:  Bamboo Construction
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Introduction 
It is well known that bamboo is a plentiful resource in China.  What is not as well known are its structural properties for buildings.  Cusak’s (2001) research mentions the use of a bamboo plywood, as well.

Benefits
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Bamboo grows very quickly and is unharmed by harvesting, unlike wood forests.  According to Graham (2004), it takes between three and a half to seven years for a bamboo forest to grow to maturity, as compared to 120 years for oak; most of the world’s bamboo is local to China.  It is also a land-efficient plant that is harder than wood, alluding to a longer-lasting building material.  Bamboo produces about 200% the fibre of a pine forest of a comparable size (Graham, 2004).  Bamboo forests also have environmental benefits, such as controlling erosion.

Costs

According to Graham (2004) the costs are comparable to a standard hardwood floor, alluding to comparable pricing for using wood.  Yet, recent articles allude to the fact that this is changing, and that bamboo probably now costs less than wood, as framing lumber has jumped 50% in cost compared to 2003 numbers (Isidore, 2004).  It is our assertion that China lacks the wood resources that the US has, and therefore would most likely realise an additional cost savings by using bamboo as a building material.  ZERI (2000) found that “A two-story house constructed by carpenters in Calarca, Colombia, on a cement foundation, costs only 8 million pesos (approximately US$ 4000).”  This means that multi-story buildings are a viable option.

Limitations

On its own, it may be difficult to design multi-family structures using bamboo.  Additionally, there are few insulating properties.  It may serve well, though, as a rebar-like tensile material in conjunction with other materials (see Straw-bale section starting on page 72).

Improperly harvested or treated bamboo may be subject to beetle or other insect infestation (Cusak, 2001), but ZERI mentions a smoking technique used by the Japanese that preserves the bamboo for 500 years (ZERI, 2000).  Wood has similar insect and dry rot threats that require treatments to avoid these problems.

Market Size

We have calculated that there will be over 23.9M m2 of walls that will be built (see Worksheet: Construction) in the commercial and residential sectors alone.  Most calculations, though, are done on a floor area basis, and not much research exists that gives easy numbers such as the price per m2 of bamboo construction.  We do believe, though, that the availability of bamboo in China is advantageous, both in costs, and to the viability of this technology.  Our calculations, based on numbers from the Housing Zone(July 2004) show that wood-frame construction, based on a 2000 sq. ft. construction, costs about $39.60 per m2.  We believe, though, that in China bamboo will be less than that but will assume the same number of $39.60/m2.  This is probably much higher than the actual price, given price parity differences.  Nevertheless, this is the basis of our calculation.

Material cost
$39.60/m2
Total area of development
36.2M m2
Total Market size
$1,434.9M

Payback Period 

Initial investment: 


Additional cost per m2: 
$0 


Installed m2:
36.2M


Total additional cost
$0

Comments

We believe that wood is actually more expensive than we report it to be, because our numbers are derived from local sources, and most likely sourced in the US. 

Availability

China grows the most bamboo in the world (Cusak, 2001). According to the American Bamboo Society (2000), there are many species that can survive in a colder climate (as cold as -23C (note above that Miyun does not get this cold)).

Technology: Flyash Concrete

Introduction

Flyash is a by-product of coal burning. China produces hundreds of millions of tons of flyash each year.  Disposal of this waste material has become a huge issue and is creating serious environmental problems.  

Benefits

It is believed that use of flyash-content cement is environmentally beneficial in two ways.  Initially it helps reduce the amount of harmful solid waste in the environment.  Energy efficiency is the second benefit: flyash in the cement mixture also reduces the overall energy use by changing the consistency of the concrete.  According to experts, one hundred tons of recycled material would be sufficient for a 2,000 square foot home(“Recycling Fly Ash…”, 2003).  Furthermore, using higher flyash-content concrete will “effectively and economically improve the durability of concrete” (Shell, 2001).  

Costs

The cost of flyash concrete is estimated to be approximately $3.50 per square foot ($37.67/m2) of wall surface (“Flyash Concrete”, 2004).  

Material cost: 
 $37.67/m2
PPP Adjusted material cost: 
$7.91/m2

Limitations

As (or if) the use of coal decreases in China, the viability of this product is reduced, as the sources of flyash will be on the decline.

Market Size

Flyash concrete is highly resource-efficient and economical.  The use of flyash concrete in constructions will further ease the problem of flyash disposals in China.  Based to our estimation, the size of business opportunity of flyash concrete in Miyun Sustainable Community will be approximately $121.5M  in the residential sector alone.  

Total façade area in residential development: 
15.4M m2
Total material costs of flyash concrete: 
$578.6M

Total PPP adjusted costs:
$121.5M

Payback Period 

Initial investment: 


Additional cost per m2: 
$9.29 


Installed m2:
15.4M


Total additional cost
$142.6M

Payback period
N/A

Comments

The market size is an estimated amount of façade area, based on communications with McDonough and Associates.  The calculation is available in the Worksheet: Construction. No extra efficiencies are present with this technology.  We were unable to quantify the aforementioned energy savings during the processing of this product.  This is a rough estimate, as the façade area is not entirely accurate.

Availability

· Stonehenge Concrete Co., Inc. (www.stonehengeconcrete.com), P.O. Box 1830, 3172 Abington Pike, Richmond, Indiana 47375.  Telephone: 765-966-1513

· Cemex USA, Inc. (www.cemexusa.com), 840 Gessner Suite 1400, Houston, TX 77024.  Telephone: 713-650-6200

· A.C. Miller Concrete Products, Inc. (www.acmiller.com), Blairsville Plant-US Route 22, P.O. Box 93, Blairsville, PA 15717.  Telephone: 724-459-5950

· Duke Concrete Products, Inc. (www.dukeconcrete.com), 50 Duke Industrial Park, Queensbury, NY 12804.  Telephone: 518-793-0179

Energy Efficient Building Materials

Technology: Foamed Concrete(AAC)

Introduction

Another innovative concrete material that reduces environmental impacts surrounding concrete use is foam concrete.  Foamed concrete is also known as aerated autoclaved concrete (AAC), which contains approximately 60% flyash.  AAC has been popular and widely used in European construction for decades.  In North America, however, it is a relatively new construction material.  Importantly, AAC is a highly resource- and energy-efficient concrete, which suits the conditions and needs of Miyun City.  

Benefits

The first advantage of using foam concrete is less demand for concrete material because “it has a lesser density, but a higher insulating capacity” (Davison, 2000).  More importantly, “the higher insulating capacity reduces heat and energy loss by creating a more efficient building envelope” (Davison, 2000).  AAC has a high R-value
 of 30 outperforming many other alternative materials.  As a result of “a combination of high R-value, thermal mass and air-tightness,” AAC buildings are more energy efficient than traditional concrete (“Autoclaved Aerated Concrete”, 2004).

Foamed concrete weighs 32 pounds per cubic foot (0.41 kg/m3), which is about 1/5 the weight of concrete (Enviroc, Inc.,2003).  Because it is lightweight, AAC significantly reduces construction time, waste, and energy.   Additionally, the application of AAC is very broad.  It can be used in “non- or load-bearing exterior or interior wall, floor, and roof panels, blocks, and lintels” (Enviroc, Inc.,2003).   

Costs

In addition to being environmentally-friendly, energy-efficient, and lightweight, AAC is also an economical, cost-competitive solution for building materials.  In many cases, AAC is less expensive than other conventional forms of construction.  Research shows that the cost of AAC is comparable to CMU block (Enviroc, Inc., 2003).  

Material cost: 
 $37.67/m2
PPP Adjusted material cost: 
$7.91/m2
Limitations

AAC can be used in nearly all building applications, especially those that currently use concrete.  They can be formed into blocks, as well.

Market Size

Material cost: 
 $37.67/m2
Total area of development: 
36.2M m2

Total material costs of AAC: 
$1,250.0M 

Material cost based on PPP: 
$7.91.m2

Total PPP adjusted material costs of AAC: 
$262.5M

Payback Period 

Initial investment: 


Additional cost per m2: 
$9.29


Installed m2:
21.8M


Total additional cost
$202.6M

Operating cash inflow: 


Energy efficiency savings per year
$3.5M


5-yr gains by using AAC
$17.3M


30-yr gains
$103.9M

Payback period (years):
58.5

Payback period (years):
9

Recommended retail price:
$29.18

Recommended market size
$636.8M

PPP adjusted additional cost:
$1.95

PPP adjusted payback:
12.3

Comments

Energy payback was done estimating a 15% savings in energy efficiency due to this product.  The difference in material costs and area is due to the fact that energy efficiency can only be evaluated on the commercial and residential markets; we had no data on energy efficiency as it pertains to the industrial sector.  Additional costs were computed versus concrete blocks.  

Availability
· Babb International, Inc. (www.babb.com), 2400 Hebel Blvd, P.O. Box 834, Adel, GA 31620.  Telephone: 229-896-1209

· ACCO Aerated Concrete Systems, Inc. (www.accoaac.com), 3351 Orange Blossom Trail, Apopka, FL 32713. Telephone: 1-888-901-2226 or 407-884-0051

· E-Crete, LLC. (www.e-crete.com), 6617 North Scottsdale Rd. #203, Scottsdale, AZ 85250.  Telephone: 1-888-432-7383 or 480-596-3819

Technology: Insulated Concrete Form

Introduction

“While this may seem an odd wall material, just think of all the commercial property that have their walls made from concrete. Using a lightweight form, usually of foam and reinforcing bars, the concrete fills the hollow cavity between the foam and honeycomb of bars. The wall is rock solid, sound proof, bug proof, and maybe bullet proof.” (Green Concepts, 2003)  

Benefits

Insulate Concrete Forms have a much higher R-value (R-32) than regular concrete (R-1.1), which results in a cost savings of 25-50% in the heating portion of the energy market.  Additionally, these forms use 25% less concrete than traditional concrete constructions.  There are additional benefits of fire resistance and sound barrier qualities (Polysteel, 2003; ICFA, 2004).

Costs

According to the ICFA (2004), using these forms in the US will average a $10-40 per m2 increase in the cost.  A PPP adjustment changes that to $2.1-8.4 additional dollars.  We will use the mean of that added on to the cost of traditional concrete blocks as the basis for our calculations: $33.50 (rounded).

Limitations

Few limitations exist.  This technology is easy to use and easy to find.

Market Size

The 25-50% energy savings translates into a $3.2M-$6.4M per year opportunity, based on 60% of the total residential energy market.  If this technology were used in the industrial and commercial areas, additional benefits would ensue.

The market size of the 21.8M m2 of residential and commercial area was considered, and the estimated cost of using this technology is $731M.  The PPP adjusted opportunity is $23.4M.

Payback Period 

Initial investment: 


Additional cost per m2: 
$5.11/m2


Total square metres development:
21.8M m2


Total additional cost
$111.5M

Operating cash inflow: 


Energy savings per year
25%-50% (38%); $8.7M


5-year gains
$43.3M


30-yr gains
$259.9M

Payback period (years):
12.88

Recommended retail price:
$30.37/m2

Recommended market size
$662.6M

PPP adjusted additional cost:
$1.07

PPP price:
$7.04

PPP payback: 
2.7

Comments

Since this is a building material, we believe that any building material that during its life pays for itself is deserving of some attention. The 25% materials cost savings are assumed to be incorporated into the additional price.  We did not add in the additional materials costs savings to be safe.  There may be additional savings due to using less concrete, and due to the recent increases in concrete prices, but for the sake of this argument, we left that out of our calculation.

Availability

· Korit sales: http://www.korit.com/shop/iceblock.htm, 800.837.5674

· I.C.E. Block Insulating Concrete Forms: 623-935-5428

· Demand Products, Inc.: http://www.demandproducts.com/icf.html, 1.800.325.7540

· Green Block:  http://www.greenblock.com/, Greenblock East Bay, PO Box 1015, Lafayette, CA 94549, 925-284-6355

Technology: Straw-bale

Introduction

According to Stone (2003) and the Ecological Building Network, straw-bale construction saves approximately 20% in heating energy costs.  Our research shows that in 5 years $23.1M could be saved.  Straw-bale construction can be either load-bearing or simply used as insulation between the beams in a traditional frame and beam construction.  Straw-bale has a much greater insulation value, and is nearly fireproof, especially when a finishing compound (usually cob, which is a straw-clay mixture) is applied to the surface.  At worst, it can serve as an inexpensive insulation material.

Benefits

Straw-bale is inexpensive and can be used from rice or grass, plants native to China.  Rice straw is typically an agricultural waste product in China, so this technology would be re-using a waste product (Henderson, 2000).  Straw-bale has excellent fire rating and excellent insulation properties.  Straw-bale is low-energy-intensive as well, as it uses its energy from the sun, rather than requiring firing, as in the case of bricks.  Minimal technologies would be needed in order to employ this technology. Employing straw-bale reduces the risk of depleting China’s agricultural base, by giving a market value to a waste product.  The resulting economic benefits to farmers need to be mentioned as well.

Costs

Costs are estimated to be very low, as straw-bale material is essentially a waste product from agricultural production.  No real research gives a hard number, though.

Limitations

Builders and architects may not be familiar with the design and use of straw bale.  Special attention must be made to keep straw bale dry (up to 20% water) before its employment as a building material, in order to keep it from rotting.  Since much of the year is dry and cold, this limitation is not foreseen as being much of an issue.  Cultural architectural preference may need to be considered.  

There may be much concern as to the degradation of straw-bale, but Summers, et. al. (2003) point out that when bundled, micro-organisms in the straw quickly use up oxygen, thereby reducing the risk.  Additionally, the nitrogen ratios are not conducive to supporting life.

Market Size

The market size of this product is essentially the proportion of budget for building materials.  The MIM team has no data on what proportion of a home, a multi-family or a commercial building is attributed to insulation materials and walling.  There are 36.2M m2 planned to be developed in Miyun.

Payback Period 

Since we lack cost data, and believe that straw bale is essentially free, we cannot derive a payback period, nor a cost savings without numbers on the proportion of materials cost with regard to insulation materials.  We have plenty of reason to believe that straw-bale will create a cost savings, though.

Availability

The MIM team is unsure at this time of the availability of the fibres necessary for this process.  It may require transportation from other areas.  It is not readily available as a building material at retail outlets, though.

Technology: Structural Insulated Building Panel

Introduction

The Structural Insulated Building Panel (SIPS) uses expandable polystyrene sandwiched between engineered wood panels.  They are usable for walls, floors, and roofs in residential or commercial contexts (SIPA, 2004; Green Concepts, 2003).  SIPS have been used in Habitat for Humanity constructions as well, alluding to their low-cost high-efficiency nature (Thermapan, 2004).

Benefits

Depending on the source, SIPS buildings have an average heating and cooling savings of 30-60%. Various sources have stated that there is also a savings in labour cost because the material is easier to work with and constructions can be erected more quickly (Zachmann, 2000; SIPA 2004; Wong 1999).  There are additionally health benefits, regarding moisture and mould contamination (Thermapan, 2004) that SIPS are not subject to, but traditional ‘stick’ construction is subject to.

Costs

SIPS cost 0-10% more than traditional 2x4 construction materials (Zachmann, 2000; SIPA 2004; Wong 1999).

Limitations

No limitations are foreseen with this technology.

Market Size

The annual energy savings for this product amount to $6.9M a year.  As this is a building material, we believe that a 30-year lifecycle should be considered, resulting in $207.9M available to invest in this product.  A 5-year recommended retail price would result in a market size of $34.6M.

Payback Period 

Payback was calculated using low estimations and high additional costs.  We assumed a 10% additional cost for the material over the researched cost of wood, and an average heating and cooling energy savings of 35%.  

Initial investment: 


Additional cost per m2: 
10%


Total m2 developed:
$21.8M


Total additional cost
$86.4M

Operating cash inflow: 


Energy savings per year 
$8.1M


5 yr gains using this technology
$40.4M


30-yr gains using this technology
$242.5
Payback period (years):
10.7

Recommended retail price:
$41.46/m2

Recommended market size:
$904.8M

PPP adjusted cost:
$9.15

PPP adjusted payback:
2.25
Comments

The recommended retail price is based on the column ‘Surcharge + Traditional Price’ in the Worksheet: Results.  This column incorporates the impact of the traditional costs as well as the payback based on the energy gains.

Availability

· Demand Products, Inc.: http://www.demandproducts.com/icf.html, 1.800.325.7540

· Precision Panel Structures, Inc.,1447 East State Street, Eagle, Idaho 83616 USA, email: info@precisionpanel.com
Technology: Blown-in Cellulose Insulation for Roofing

Introduction

Blown-in cellulose insulation is made from recycled newspaper and mixed with a variety of chemicals.  “One hundred pounds of cellulose insulation contains 80 to 85 pounds of recycled newsprint” (Rhino Systems, 2002).  A very important advantage of blown-in cellulose insulation is the fact that this material is not only environmentally responsible, but also saves more energy than alternative insulations.  Studies show that “at R 3.6 to 3.8 per inch, blown-in cellulose insulation is considerably better than fibreglass insulation which has an R-value of about 2.2 to 2.6” (About Saving Heat Co., 2003).  As a result of higher R-value, cellulose-filled walls and ceilings can more efficiently reduce air infiltration.  

Benefits

The residential sector accounts for 30% of total energy consumption in Miyun Sustainable Community.  According to Concept Master Plan (McDonough, 2004), 60% of the energy consumed in Miyun residential sector is for space heating and cooling. Studies of actual buildings demonstrate that “cellulose-insulated buildings may use 20% to 40% less energy than building with fibreglass . . .” (Cellulose Insulation, 2003).  This directly translates into significant savings in homes’ energy bills.  

Costs

According to Colorado Contractors (2004) it costs about $39,700 to fill a high-density building.  According to it costs $37,600 to fill the same area with traditional insulation.

Limitations

The use of this product assumes that there is an attic space that could use this sort of insulation, which may or may not be the case.

Market Size

Miyun is estimated to have about 2700 residential and commercial buildings, according to our derivations (see Worksheet: Construction).  This means that there is a potential market of $108.3M for this technology.  

The energy savings, when considered over a 30-year timeframe, we have a budget for $213M, more than enough to cover the costs of this product.

Payback Period  

Initial investment: 


Total additional cost
$15.3M

Operating cash inflow: 


Efficiency savings per year
30%; $6.9M


Recommended market size/ 5-yr gains by using technology
$34.6M


30-yr gains by using technology
$207.9M

Payback period (years):
2.21

Recommended retail price:
N/A

PPP adjusted cost:
$8,341

PPP adjusted payback:
0.46
Comments

Blown in cellulose requires no calculation of a suggested retail price because it already meets the requirements for proper 5-year payback.  The basis of our calculation was exceptional in the sense that we used numbers that we researched based on R-16 Fibreglass (see Worksheet: Misc. Construction Estimates) to come up with a traditional cost.  This assumes that insulation would be used in these constructions.

Availability

· Applegate Insulation, Inc. (www.applegateinsulation.com), 1000 Highview Drive, Webberville, MI 48892.  Telephone: 1-800-627-7536 

· Regal Industries, Inc. (www.regalind.com), 9546 East 600 S, Crothersville, IN 47229.  Telephone: 1-800-848-9687 or 812-793-2214

· P.K. Insulation MFG. Co., Inc. (www.pkinsulation.com), 2417 Davis Blvd. Joplin, MO 64804.  Telephone: 1-800-641-4296

Technology: Low-E Paint

Introduction

Low-E paint is an innovative technology that creates radiant barriers for buildings.   A radiant barrier is a material that reduces “heat transfer between a heat-radiating surface (such as a hot roof) and a cooler, heat absorbing surface such as [the] home’s ceiling and insulation” (Hy-Tech Insulation Paint, 2003).

Benefits

Figure 9 Examples of Low-E paint in use
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Source: “Radiance Low-E …”, 2000
This technology has been proven highly energy-efficient because radiance improves a building’s thermal performance.  According to the US Department of Energy, the radiant barriers can “reduce ceiling heat gains by about 16 to 42 percent compared to an attic with the same insulation level and no radiant barrier” (USDOE, 2001).  Moreover, Radiance Low-E paint can be used in many sections.  “Radiance comes in specific formulations for interior walls and ceilings, for attic decking (the underside of roofs) . . .” (“Radiance Low-E…”, 2000).  

Costs

The residential sector accounts for 30% of total energy consumption in Miyun Sustainable Community.  According to Concept Master Plan, 60% of the energy consumed in Miyun residential sector is for space heating and cooling. Sources show that prices of radiant paint products are comparable to standard interior latex.  The following table demonstrates the costs for different applications: 

Table 9 Cost comparison of paint types and applications

	Types of Application:
	Cost per Square Foot of Material

	Attic Floor
	$0.15 – 0.30

	Roof: stapled to bottom or faces of rafters
	$0.15 – 0.30

	Roof: draped over rafters
	$0.12 – 0.35

	Roof: underside of roof deck
	$0.12 – 0.30


Source: USDOE, 2001. 

In terms of savings in energy consumption, improved thermal performance of buildings and homes will lower heating and cooling bills by 5 to 15% (Radiance Low-E Latex Paint Products, 2000).

Average costs of low-E paint: 
$2.15/m2

Average costs of traditional paint:
 $2.00/m2

Limitations

No limitations, other than use situations, are foreseen.

Market Size

Low-E paint is an innovative material that efficiently reduces energy consumption for space heating and cooling.  By offering the product at $.45 per square meter, US manufacturers or distributors will have an estimated business opportunity of $6,936,841.37 in the residential development in Miyun Community.

Payback Period 

Initial investment: 


Additional cost per m2: 
$0.15


Area of painted space (estimated):
24M m2 


Total additional cost
$3.6M

Operating cash inflow: 


Efficiency savings per year
10%; $2.3M


5-yr gains by using technology
$11.5M


30-yr gains by using technology
$69.3M

Payback period (years):
1.56


Recommended retail price:
N/A

Recommended market size
$51.5M

PPP adjusted additional cost:
$.76M

PPP adjusted payback:
.33
Comments

No retail price was calculated because this was a technology that, at its current price, meets the guidelines as an economically sound product.

Availability

· Chemrex, Inc. (www.radiancecomfort.com).  Telephone: 1-800-766-6776

· Hy-Tech Insulating Paint, Inc. (www.hytechsales.com), P.O. Box 216, Melbourne, FL 32902.  Telephone: 1-866-649-8324 or 321-984-9777

· Cerama-Tech International, Inc. (www.cerama-tech-int.com), 1646 Via Del Mesonero, San Diego, CA 92173.  Telephone: 1-888-236-5271 or 619-690-0773 

Technology: Superwindows with Soft-coat Low-E Glass

Introduction

Windows are one of the most important aspects of a home, letting in light and air. In cold climates, they are responsible for 10-25% of a home’s winter heat loss (RMI, 1997). In warmer climates, excess solar radiation entering through windows can boost air-conditioning bills by a similar amount. Windows are rated by either R-value (resistance to the flow of heat), or U-value (ability to transfer heat) – the higher the R-value, the more energy-efficient the window. An R-value of 1 means that on a cool day the window is nearly the same temperature as the outdoors – a poor insulator.  Poor insulators have a high emissivity. U-values are the reverse, the lower the number, the better. Now, new “Superwindows” are being developed with R-values of 6-10 (Hayhoe, 1997) or U-values of 0.23 (Jackson, 1994), which means the reduction of heat loss during the winter, and the decrease of heat gain during the summer. Consequently, a house’s heating bill can be reduced as well. The specifications of Superwindows are listed in the Appendix: Construction Materials: Superwindow.

Benefits

A double-glazed window saves about 15% of the energy used for space heating, while a triple-glazed window is over three times as effective, with a 47% savings (Romano,2001).  Superwindows filter out the sun’s UV rays, which cause skin cancer and fading of furniture fabrics and wall coverings.  Additionally, Superwindows reduce outside noise by four times (Lower noise from outside by four times (Superwindow, 1994).

Costs (Romano, 2001)

Double-glazed window (3 ft. x 4 ft. or 1.12 m2)
$400


PPP adjusted unit cost: 
$84

Triple-glazed window (3 ft. x 4 ft. or 1.12 m2)
$800
 


PPP adjusted unit cost: 
$168

Limitations

No limitations are foreseen for this technology.

Market Size

Area of windows needed

.6M m2 

Number of residential windows needed
: 
532,374

Market size:
$5,391.9M

Payback Period 

Payback periods were calculated for both double- and triple-glazed windows, due to the drastic differences in efficiencies.

Double-glazed (Residential only)

Initial investment: 


Additional cost per window: 
$260 


Installed windows:
532,374


Total additional cost
$138.4M

Operating cash inflow: 


Efficiency savings per year
15%; $2.0M


5-yr gains by using technology
$9.9M


30-yr gains by using technology
$59.4M

Payback period (years):
69.87

Recommended retail price:
$159
/window

Recommended market size
$84.4M

PPP adjusted additional cost:
$54.60

PPP adjusted payback:
14.67

Triple-Glazed (Residential only)

Initial investment: 


Additional cost per window: 
$660


Installed windows:
532,374


Total additional cost
$351.4M

Operating cash inflow: 


Efficiency savings per year
47%; $6.2M


5-yr gains by using technology
$31.0


30-yr gains by using technology
$186.2M

Payback period (years):
56.6

Recommended retail price:
$198

Recommended market size
$105.5M

PPP adjusted additional cost:
$138.60

PPP adjusted payback:
11.89

Comments

The additional cost per window is what makes this technology expensive.  If these windows were used strategically, the paybacks on this technology would work better.  Additionally, the low price for electricity makes the paybacks on this technology longer.  As can be seen from the data, a PPP adjustment helps to make this technology more viable.  

Availability 

· Viking Industries, Inc. 18600 N.E. Wilkes Rd., P.O. Box 20518, Portland, OR 97294-0518, Toll Free: 800-547-9980, Phone: 503-667-6030, Fax: 503-669-1135

Technology: Green Roofs

Introduction

Green Roofs provide a lot of non-economic benefits that should help to solve a lot of problems that are endemic to China, and especially Miyun.

Benefits

Green Roofs last twice as long as conventional roofs (40 years compared to 20 years) which means that they are lower maintenance; additionally they reduce runoff (environmental benefit) by up to 90%, filter out pollutants (particulate matter, other air pollution), provide sound insulation, are lower maintenance, convert CO2 to O2 (thereby combating global warming), and combat the urban heat island effect.  Additionally, Green Roofs have a higher insulation capacity, and decrease cooling costs for buildings (20 to 30% for a 1-story building) and add to the aesthetics of a building and community (social benefit) (Averett, 2003; Greenroofs, 2004).  One may be able to actually use rooftop gardens to meet some agricultural needs as well.

Costs

“The main drawback to green roofs is their higher initial cost, as much as twice that of conventional roofing methods” (Averett, 2003).  The City of Portland (2000) estimates the costs to be between $10-15 per square foot, as compared to $3-9 per square foot for a conventional roof.  This number includes labour, construction, and material costs.

A simple analysis, though, if thinking long-term, shows that a roof that needs to be replaced half as often can therefore cost up to twice as much.  The added benefits on top of this fact should help to mitigate costs.  Of course, one of the biggest challenges of this project is translating this fact in a shorter time horizon (close to 5 yrs), as that seems to be as far ahead as China is looking in the business environment.

Limitations

The research found that little structural changes were necessary, other than adding moisture barriers.  If green roofs were designed into the buildings, there would be no necessary consideration for retrofitting any structures.

Market size

The market was sized by sheer area of the community that is to be developed, which is 559,500 m2.  The cost of developing that with this technology sits at about $3B.

Payback Period 

A few paybacks were calculated using this technology.  Instead of using a five-year payback scenario, we used 20- and 40-year payback timeframes (but still included the 5-year numbers for decision-makers), given the nature of the application. The data that we received has a pretty wide variance ($5-6 per square foot, which translates to about $54-65/m2.  The additional cost ranges $65-75/m2 using the numbers provided.  For the basis of this calculation, we split the difference.  We used $134/m2 as the basis for the cost of this technology, compared to $65/m2 as the standard number.  The first calculation did not include the additional benefits of the green roof’s lifetime; the second calculation did, essentially doubling the cost of the traditional technology, as the roof will need replacement in 20 years.

Calculation 1: 

Initial investment: 


Additional cost per m2: 
$70 


Installed m2:
559,500m2

Total additional cost
$1,526.8M

Operating cash inflow: 


Efficiency savings per year
15%; $3.5M


5-yr gains by using technology
$17.3M


20-yr gains by using technology
$69.3


40-yr gains by using technology
$138.6

Payback period (years):
440

Recommended retail price:
$67/m2 

Recommended market size
$2.1B

PPP adjusted additional cost:
$28.25/m2
PPP adjusted payback:
92.5

Calculation 2

Initial investment: 


Additional cost per m2: 
4.7%; $5.38 


Installed m2:
559,500m2

Total additional cost
$117.4M

Operating cash inflow: 


Efficiency savings per year
15%; $3.5M


5-yr gains by using technology
$17.3


20-yr gains by using technology
$69.3


40-yr gains by using technology
$138.6

Payback period (years):
33.9

Recommended retail price:
$135.5/m2 

Recommended market size
$2.8B

PPP adjusted additional cost:
$28.25/m2
PPP adjusted payback:
7.1

Comments

As one can see from the calculations, the costs of this product are heavily weighted in the beginning of its lifecycle.  This is a technology that we believe will have some savings by localising the product, but do not believe that the full 79% reduction in price due to purchasing power parity is reasonable.  Nevertheless, if the life of the roof is taken into consideration, green roofs become a viable option with a payback period of just over 30 years.  A roof that pays for itself, no matter the duration, is quite compelling.

Availability

The availability of materials may or may not be an issue.  Green Roofs require the following materials to be built: Waterproof membranes made of various materials, such as modified asphalts (bitumens), synthetic rubber (EPDM), hypolan (CPSE), and reinforced PVC; root barriers if necessary (asphalt membranes require it, while the other materials do not); soil (which could probably be attained from the site); drought-tolerant vegetations (native species in Miyun); gravel ballast, if necessary (Portland, 2000).  Design and choice of materials mitigate the need for the optional materials in this list.

Part IV: Conclusion and Recommendations

In this paper, we analysed the overall context and needs for sustainable development projects in China.  What we found was that China has severe air pollution, water pollution, water supply, problems, problems with urbanisation, and energy security issues.  Our research attempted to meet some of these needs, as they are interconnected, by using a business approach.  These needs present a real business opportunity.  We found that the Miyun New Town development is an attempt to provide solutions caused by urbanisation, and armed with the technologies that we have researched, we hope that the business opportunities in Miyun will serve as a solution to the overall problems facing China today.

In the context of Miyun, we found that there were several technologies available today that address the space heating market, a market that we sized at $23M annually, based on projected use and current market prices for electricity.  This represents only the residential and commercial sectors because of the information we were provided.  These technologies include building materials as well as actual heating systems. 

We also found that the water market, based on a 200L/head/day basis pencilled out to about $27.8M annually, using Chinese water rates.  We found several technologies that attempt to mitigate the common wastes of water.  This will help the water supply, and some of the technologies will help with the pollution problems endemic to China.  This means that, if these technologies are employed, Miyun will be an efficient, less-polluting example of a sustainable community.

Energy Technologies

As addressed in Part I of this report, China in the process of rapid industrialization and economic development, has been faced with problems concerning about energy security. Since Chinese energy demand outpaces its supply, many of our solutions involve reduction or elimination of demand.  Renewable energy sources are another important dimension in this discussion. We hope that the solutions for Miyun city can be used as a prototype for new developments throughout China. 

We found three main possible sources of energy in Miyun: of coal, solar, and biogas-based energy.  Currently, coal is an inexpensive source of electricity and heat, but it has several environmental and social externalities that necessitate the minimisation of this form of energy generation.  We found the photovoltaics (PVs) at this time did not warrant the cost, i.e. the money spent on PVs is better spent elsewhere to reduce the amount of energy demanded.  Biogas, on the other hand, proved to be a strong candidate because of its low cost and environmental benefits.  Its major fallback is the fact that it is low in energy-density, and therefore cannot meet the full electric needs of Miyun.  Unfortunatlely, biogas can only meet 0.0077% of the total energy needed in Miyun, but its cost effectiveness and environmental impacts make it an undeniably sound investment, no matter how small the overall impact.  An investment of $350,000 will result in annual energy savings of $53,000 and savings over 20 years of over $1M.  For 7 plants, the investment pencils out to about $17.4M and the savings turn out to be nearly $375,000 annually, or $7.4M over a 20 year lifecycle.

On the demand side, we found two main strategies to be an effective form of lowering the overall energy needs within the community: intelligent design can help to maximize energy use, and various energy-saving technologies available in the market are for this objective. 

Passive solar design and design for natural light show moderate possibilities for cost effectiveness, depending on their ultimate costs.  The potentials for these technologies warrant at least a closer look: passive solar design had the potential to save over $10M annually in energy costs, and design for natural light proved to create a potential energy savings of nearly $3M annually; both had other social and environmental benefits.  The utilisation of free solar energy is a fundamentally good idea, especially in the context of sustainable development, as it reduces heating bills in a fairly cold climate.  According to the Concept Master Plan provided by McDonough, 50% of the projected energy demands of the community could be mitigated by intelligent design.  Good design concepts have an additional benefit unique to this project: these technologies could be stacked, in the sense that minimal changes in design that incorporate both of these design concepts together would create a $13M annual savings with probably no more than the 12% additional cost premium derived from the passive solar design investments.  From our research, this is a rare opportunity to be able to derive two efficiencies from one investment.  Additionally, our research on passive solar technology prompts us to recommend considering the utilisation of water within the thermal mass portion of a trombe wall to derive additional water-heating benefits; teamed up with other technologies, such as solar water heaters, recirculation and greywater systems, we believe that a synergistic efficiency beyond our capacity to calculate could possibly be realised.

Of course, design turned out to be a small portion of our research.  We researched various energy-saving technologies that have the potential to replace inefficient traditional Chinese technologies. 

Our analysis found that solar water heaters, when adjusted for price parity, as evidence in our research as being a viable option, had a low payback and were a great and inexpensive example of a sustainable technology taking advantage of the abundance of solar radiation available to Miyun.  Our assessment of the PPP-adjusted market size in the case of solar water heaters amounted to a business opportunity of $12.6M.  Most technologies are assessed at our 5-year threshold mark, but in researching this technology we believe that this PPP-adjusted market size most accurately assesses the actual market potential for this technology.  The market could actually bear, according to our calculations, nearly $23.5M as a valid investment into this technology.

Hot water recirculation systems were another strong candidate for utilisation in the Miyun Sustainable Community.  Hot water recirculation systems, we believe, could be redesigned to incorporate a greater efficiency than the single-family research we found, which would decrease its costs per unit significantly.  This system also has water- and energy-saving benefits, amounting to a combined annual savings of $1M. Without a redesign, the market needs of Miyun could be met with a $5.1M investment.  Over a 30-year lifespan, this technology would lead to a savings of over $30.6M, which includes a 5% overall reduction in water use and a 1% reduction in Miyun’s overall energy use.

Within the lighting sector, 6% of the energy demand in Miyun, we found Compact Fluorescent Lamps (CFLs) to be the most cost-effective technologies available in the market. With the payback period using PPP adjusted price of 1.29 (a reasonable determination of its price in this case), CFLs are a technology that prove to be a promising technology in Miyun.  At this PPP-adjusted price, we have determined the business opportunity to meet Miyun’s lighting demands to be around $2.8M.

The last portion of energy consumed in Miyun is for cooking. We found that microwaves are an extremely efficient method for cooking food. Our one caveat, though, is that there are some limitations to cooking style that make microwave application less viable. We believe that the rapid change in lifestyles will make this technology more viable in the near future, as far it relates to cultural impediments to the use of this product. Supplying all of Miyun’s housing units with microwaves would require a small investment of nearly $2.5M, resulting in annual savings of close to $2M.

Water Technologies
Water supply has been a critical issue for China.  Supply and quality of water are two major problems affecting people’s daily lives and business activities.  As mentioned earlier, China’s water supply per person is far below the world average.  Furthermore, the water supply in the northern part of China is even worse.  It is believed that the insufficient water supply will continue driving the price up and constraining residents’ and companies’ usages of water in Miyun area.  In response, Miyun Sustainability Community has been seeking solutions for reducing water consumption, recovering wastewater and even increasing water supply.

After understanding the situation and needs of Miyun area, the MIM team has come up with some beneficial technologies that will help Miyun Community achieve these goals.  Although there are numerous technologies and products that help conserving water, only some of them are economically efficient.  The MIM team has selected four technologies that we believe will benefit Miyun area the most in terms of water conservation and cost effectiveness.  These technologies include greywater reuse system, dual-flush toilets, composting toilets and low-flow showerheads.  

The greywater reuse system is highly recommended for recovering wastewater in Miyun area.  It is estimated that by installing the system in residential development, households will recover approximately 45% of wastewater and experience huge savings on utility bills.  Installation of the system is easy and inexpensive, but the results are significant.  Based on our analysis, the initial investment of installing greywater reuse systems can be paid off within our 5-year threshold.  Our calculations show that the business size of greywater reuse systems in Miyun residential development is estimated to be approximately $18.7M using our recommended retail price of about $415 per unit.  This investment would lead to savings of $3.7M annually.

The second recommended water saving technology is Low-Flow Dual Flush Toilets.  The major benefit of dual flush toilets is water conservation.  Dual flush toilets consume about one third of the water used by traditional toilets (Toilet Water Savings, 2002).  As a result, Low-Flow Dual Flush Toilets are believed to be the most efficient type of toilets for Miyun Community.  In terms of cost effectiveness, researches show that the average price for a dual flush toilet is approximately $300, which could be paid off in less than a year with the savings in water consumption.  Even at $300, a price we think is actually higher than what the market would actually pay for these toilets, this technology proves itself to be an extraordinarily efficient investment. Low-Flow Dual Flush Toilets are excellent choice for Miyun Community and represent a PPP-adjusted business opportunity of $2.6M; at the admittedly over-priced $300 level, a level still bearable by the market, the opportunity sits at a little over $20M.  The actual installed cost will undoubtedly be somewhere between these numbers.

Another type of toilet which will also help to conserve water is Composting Toilets.  The most important benefit of a composting toilet is the fact that it requires no water.  By using composting toilets, water consumption for flushing toilets, which accounts up to 40% of total water consumed in a home, can be fully saved.  However, one drawback is that the costs of installing composting toilets are a lot higher than low-flow dual flush toilet, which immediately drives the payback period up.  Culture is another reason that prevents Chinese people from using composting toilets.  The MIM team believes that low-flow dual flush toilets will suit the needs of Miyun Community better than composting toilets even though composting toilets are extremely environmentally-friendly.

The fourth technology that the MIM team would recommend is Low-Flow Shower Heads.  Low-flow shower heads will significantly benefit residents in Miyun area by saving shower water.  As mentioned earlier, these innovative shower heads will conserve nearly 50% of water consumed in showers.  This also results in a savings due to the fact that the would-be wasted water doesn’t need to be heated.  The second strength of this technology is its low cost, approximately $3.50 each (Home Depot, 2004).  Replacing traditional shower heads with low-flow shower heads will require no additional cost.  Thus it is believed that by employing low-flow shower heads, households will experience significant cost savings.  The market size is estimated to be over 67,000 units, an opportunity of $237.5K. 

Construction Materials

We found that there are a few construction materials that include a small price premium.  We found that no technologies start out at a 5-year payback, but could reasonably be provided at that level.  There are a couple of technologies that hard numbers could not be found, including bamboo and straw-bale.  We assume that buildings are not built with these materials in China already because of similar reasons elsewhere: unfamiliarity with building with these materials and cosmetic perception of buildings built with these materials.  Nevertheless, we estimate that these materials would be inexpensive, and would help to alleviate some of the problems in China.

On a pure price basis, Compressed Earth Blocks prove themselves to be a strong candidate.  Our analysis shows that their energy efficiency is better than traditional technologies (such as fibreglass insulation) and is close to the R-value of straw-bale.  CEBs help mitigate the problems with current brick production, which our research says is very wasteful.  Again, the firing of bricks accounts for 7% of China’s total energy use.  Our estimations of the market size we believe are unreliable, as they are derived from derivatives of derivatives.  Nevertheless, the numbers used in our calculations can help us to estimate the cost savings on a percent-level.  We believe that CEBs’ nearly 75% savings in materials costs are a significant rationale to their employment within Miyun.  Our market size for this technology, unfortunately, is not something we are not comfortable estimating, as we do not yet know what shape or form, nor needs for this product, will be in effect in Miyun’s development.  We urge the designers of Miyun to consider this material during the design phase of this development, though.

Flyash concrete is another option that mitigates air pollution because it takes a waste product from coal burning and uses it in a usable, recycled product.  This will also help to alleviate China’s impact on world concrete prices because it will reduce the amount of cement needed to make concrete; an abundant pollutant can be tied up in the walls and floors of buildings instead of being breathed in and spread to the atmosphere.  

SIPs and ICFs are both examples of energy-efficient building materials that can save energy.  We believe that, if they can be provided at a discount from the researched US price, these products can possibly meet the construction demands in Miyun.  SIPs have a small 10% premium over traditional technologies, according to our research, and ICFs have about an 18% premium.  Since we don’t have any data that would give us any basis to assume what percentage of the building material market these materials would make up, we will not attempt to provide a market size dollar amount; we realise that with all of these building materials, the materials will be mixed and matched as designated by the needs of the buildings.  We simply want to bring these technologies’ efficiencies to the foreground.

Finally, the MIM team believes that these technologies and products introduced above perfectly respond to the demands of Miyun Sustainability Community in terms of reducing energy demands, reducing water consumption, and recovering wastewater.  Employing efficient lighting and heating technologies and employing intelligent design principles seem to be the prime basis for significantly reducing the energy demands in Miyun, thereby reducing air pollution, soil erosion, crop damage, and all the other externalities associated with coal-fired energy production.  The water supply problems facing Miyun will be significantly eased if the recommended technologies are installed and employed properly.  Using alternative building materials should help to decrease demand, but also have the opportunities to help with air, water, and soil pollution, as well as erosion.  From the Miyun residents’ perspective, the employment of these technologies and principles will lead to reduced demand for water and electricity, thereby lowering their utility bills.  From the business perspective, the demand for those technologies and products will translate into great business opportunities.  

Part V: Appendix

Passive solar 

Other Benefits

Winter heating

During the research, we found that different materials and options could be used in this greenhouse-like area (sometimes called a sunroom or solarium) for the retention of heat.  One of the ideas found was the use of large (50 gallon) barrels of water.  The barrel was to be black in colour to absorb as much heat as possible, and then it could radiate the heat during the evening, as the solar energy would be stored in the water (Bell, et al., 1996; Crowther, 1984; Paul, 1979).   One disadvantage to this, though, would be the fact that even in the summer, the barrels would still retain a lot of heat.  A solution to this could be done quite easily, though, through a couple of methods.

First, the barrels of water could be used to water plants in the sunroom.  The research mentioned that placing plants in the sunroom significantly cooled the sunroom due to the amount of energy absorbed by both the plants during photosynthesis as well as the evaporation of water, which was a significant use of energy.

Second, the barrels could be covered in a light-coloured fabric or another method that would reduce the amount of energy absorption during the days and months when the energy absorption was not needed.

Third, the option to use these barrels of water as possible water heaters, as well as space heaters, should not be overlooked.  In that case, on hot days, measures could be made to use thermosiphoning (a process whereby hot liquids and airs rise and cool liquids fall) to siphon in cold water from underground or an inside location that would be cooler.  The pre-heated hot water could be pushed into a hot-water reservoir and be heated using solar water heaters (see Solar Water Heaters section beginning on page 30) to a suitable temperature for domestic use.  

Finally, it was mentioned in the research that simple blinds could be used on the glazing.  One of the most ingenious, but simple, blind ideas we discovered was the use of a metallic coating on one side of the blind and a black coating on the other side (Crowther, 1984).  The metallic coating could be used during the summer months to reflect some of the heating, and could be varied depending upon the residents’ preferences.  The black side could be used to absorb some heat in the transition months, if not all solar radiation was wanted or needed.

The trombe wall itself could be made from various materials, including stone, brick, and other materials whose properties would be to capitalise on the properties of thermal mass
.  Additionally, there are options within the design of a trombe wall.  The wall could have windows within it, ensuring that some light reaches the primary living area, and there are also options to have venting in a trombe wall, allowing the hot air to escape into the cooler areas of the living space and allowing the cooler air to be drawn into the sunroom area to be heated.

Note that some of these options may conflict within a system, so decisions would have to be made on which options to use.  For example, if the project decided to use passive solar for water heating, and also chose to let residents use water in barrels, it would significantly impact the hot water system for the building as a whole.

Much of the research recommended venting options for summertime passive heating.  This included having the glazing be operable (meaning one could easily open a window) as well as the use of thermal chimneys or simply vents at the top of the sunroom (Bell, et al. 1996; Crowther, 1984; Paul, 1979).  Considering the nature of this project, considerable effort should be taken to ensure that the overall needs of human comfort be taken into account, and that the buildings being designed are of a different nature than what most of the research addresses; namely that the research addresses single-family residences, while this project calls for multi-family solutions.

Efficiency

Efficiencies vary based on the system in place, the materials used, the design, the access to solar radiation in each building, as well as, importantly, the amount of insulation used.  Additionally, the U-value of the windows also impact efficiency.  Our research showed that the lower the U-value, the better the efficiency of the material.  For example, gas-filled windows had a U-value of 1 W/m2/oK, as compared to double-paned windows (2.8 W/m2/oK).  During the planning process, it is recommended that materials be used with the highest degree of insulating value, as insulation both keeps ambient temperatures out and comfort-level heat in with the minimum of energy input.  (See section on Construction Materials, beginning on page 60)

In summary, Bell warns that, 

The most important factors which affect space heating requirements are thermal insulation, passive solar design, air-tightness and ventilation control, followed by heating system efficiency and control.  Lowest overall energy use results from an integrated approach, in which all of these aspects are considered together (Bell, et. al., 1996).

Alternate calculations

Scenario 1: (Sha et. al,. 2000) 

Additional costs for installation:  ($51.39/m2- $46.06/m2) x 559500m2 of residential development space = $2,984,000

Electricity costs in China: RMB .48 per kW (=$.058)

Projected energy costs for space heating: (363,000,000 kWh/yr ) x 60% x $.058 = $12,672,000

Average energy savings: average of 30-60%: 45%

Projected energy savings: 45% x $12,672,000=$5,702.400

Payback period: $2,984,000/ $5,702,400= .52 years

Scenario 2 (Sha, et. al 2000)

Additional costs for installation: $130.55/m2-$116.97/m2 x 559500m2 of development space = $7,595,636.36
Payback period: $7,595,636.36/ $5,702,400= 1.33 years

Construction Materials

Thermal Mass

Table 10 Thermal Mass of Materials

	Material 
	Density (kg/m3)
	Thermal Mass or Storage Capacity (kJ/m3K)

	Water
	1000
	4186

	Concrete
	2240
	2060

	AAC
	500
	550

	Brick
	1700
	1360

	Sandstone
	2000
	1800

	FC Sheet (compressed)
	1700
	1530

	Earth Wall (adobe)
	1550
	1300

	Granite
	2640
	2154

	Compressed earth block
	2080
	1740

	Rammed earth
	2000
	1675

	Wood
	480
	904

	Clay tiles
	1920
	1768

	Fibreglass Insulation
	11
	9.2

	Rockwool insulation
	52
	42.2

	Ideally thermal mass should be heavy, dense and dark. If a material has no thermal mass, then the heat will be lost almost instantaneously. Note that concrete and stone have a similar storage capacity, but as concrete also has a high-embodied energy, local stone has been selected for the Newton House. 




Table 11 Time Lag for various materials

	Material and Thickness of Material
	Time Lag (hours)

	Concrete 250mm
	6.9

	Double brick 220mm
	6.2

	AAC 200mm
	7.0

	Adobe 250mm
	9.2

	Rammed Earth 250mm
	10.3

	Compressed earth blocks 250mm
	10.5

	Sandy Loam 1000mm
	30 days

	Clay Earth covered building 2000 - 5000mm
	65 – 165 days


Source: http://www.newtonhouse.info/thermal.htm
Resource Links

Thermal Characteristics for different materials: http://www.eere.energy.gov/buildings/info/components/envelope/framing/strawbale.html

Superwindows

Consist of two or three low-E coated mylar sheets in between panes of glass
Framed with fibreglass with foam insulation (Accurate Dorwin, 2004)

Vacuum-sealed between panes or filled with a transparent, non-conducting material

U-value = 0.35 (See the details of high performance window in The NFRC label)(NFRC, 2000)

 

Source: (NFRC, 2000) Web site: http://www.nfrc.org/label.html
Composting Toilet

Water needed annually per one normal toilet 

Avg. Gallons per Person per day for normal toilet
18.8 


(“Toilet water savings…”, 2002)

Avg. 3.5 people per toilet
3.5 (McDonough, 2004)

Avg. Gallons needed per 
day per one normal toilet
65.8 (18.8 x 3.5)

Avg. Gallons needed
 annually per one normal toilet
24017 (65.8 x 365)

Water needed annually per one low flush toilet 

Avg. Gallons per Person per day for low flush toilet
9.1 


 (“Toilet water savings”, 2002)

Avg. 3.5 people per toilet
3.5 (McDonough)

Avg. Gallons needed per day per one normal toilet
31.85 (9.1 x 3.5)

Avg. Gallons needed annually per one normal toilet
11625.25 (31.85 x 365)

CFLs

Table 12 Illuminance values

	

	Type of Building
	Standard
Service Illuminance
(LUX)
	Quality Class

	General building areas
  -Circulation areas, corridors
  -Stairs, escalators
  -Cloak rooms toilets
  -Stores, stockrooms
	 
100
150
150
150
	 
D-E
C-D
C-D
D-E

	Assembly shops
  -Rough work: heavy machinery 
   assembly
  -Medium work: engine assembly, 
   vehicle body assembly
  -Fine work: electronic and office
   machinery assembly
  -Very fine work: instrument assembly
	 
 
300
 
500
 
750
1500
	 
 
C-D
 
B-C
 
A-B
A-B

	Chemical works
General interior plant areas
Automatic processes
Control rooms, laboratories
Pharmaceutical manufacture
Inspection
Colour Matching
Rubber tyre manufacturing
	 
300
150
500
500
750
1000
500
	 
C-D
D-E
C-D
C-D
A-B
A-B
C-D

	Clothing factories
Sewing
Inspection
Pressing
	 
750
1000
500
	 
A-B
A-B
A-B

	Electrical industries
Cable manufacturing
Assembly of telephone sets
Winding assembly
Assembly of radio and television
receivers
Assembly of ultra-precision parts
electronic components
	 
300
500
750
 
1000
 
1500
	 
B-C
A-B
A-B
 
A-B
 
A-B

	Food industries
General working areas
Automatic processes
Hand decorating, Inspection
	 
300
200
500
	 
C-D
D-E
A-B

	Foundries
Foundry bays
Rough moulding, rough core making
Fine moulding, core making, inspection
	 
200
300
500
	 
D-E
C-D
A-B

	Glass works and pottery
Furnace rooms
Mixing rooms, forming, moulding kiln
rooms
Finishing, enamelling, glazing
Colouring, decorating
Grinding, lenses and crystal glassware, 
fine work
	 
150
 
300
500
750
 
1000
	 
D-E
 
C-D
B-C
A-B
 
A-B

	Iron and steel works
Production plants not requiring manual
intervention
Production plants requiring occasional
intervention
Permanently occupied work stations in
Control platforms and inspection
	 
100
 
150
 
300
500
	 
D-E
 
D-E
 
D-E
A-B

	Leather industry
General working areas
Pressing, cutting, sewing, shoe
production
Grading, matching, quality control
	 
300
 
750
1000
	 
B-C
 
A-B
A-B

	Machine and fitting shops
Casual work
Rough bench and machine work, 
ordinary automatic machines
Fine bench and machine work, fine
automatic machines, inspection and
testing
Very fine work, gauging and inspection
of small intricate parts
	 
200
300
 
500
 
 
750
 
1500
	 
D-E
C-D
 
B-C
 
 
A-B
 
A-B

	Paint shops and spray booths
Dipping, rough spraying
Ordinary painting, spraying and finishing
Fine painting, spraying and finishing
Retouching and matching
	 
300
500
750
1000
	 
D-E
C-D
A-B
A-B

	Paper mills
Paper and board making
Automatic processes
Inspection, sorting
	 
300
200
500
	 
C-D
D-E
A-B

	Printing works and bookbinderies
Printing machine room
Composing rooms, proof reading
Precision proofing, retouching, etching
Colour reproduction and printing
Steel and copper engraving
Bookbinding
Trimming, embossing
	 
500
750
1000
1500
2000
500
750
	 
C-D
A-B
A-B
A-B
A-B
A-B
A-B

	Textile industries
Bale breaking, carding, drawing
Spining, winding, reeling, combing, 
dyeing
Beaming, Spining (fine counts)
twisting, weaving
Sewing, burling, inspection
	 
300
 
500
 
750
1000
	 
D-E
 
C-D
 
A-B
A-B

	Woodworking shops and furniture
factories
Saw mills
Bench work, assembly
Wood matching
Finishing, final inspection
	 
200
300
500
750
	 
D-E
C-D
B-C
A-B

	Office
General offices, typing, computer rooms
Deep-plan general offices
Drawing offices
Conference rooms
	 
500
750
750
500
	 
A-B
A-B
A-B
A-B

	Schools
Classroom, lecture theatres
Laboratories, libraries, reading rooms, 
art rooms
	 
300
 
500
	 
A-B
 
A-B

	Shops, stores and exhibition areas
Conventional shops
Self-service shops
Supermarkets
Show rooms
Museums and art galleries: 
     Light-sensitive exhibits
     Exhibits insensitive to light
	 
300
500
750
500
 
150
300
	 
B-C
B-C
B-C
B-C
 
B-C
B-C

	Public buildings
Cinemas
     Auditorium
     Foyer
Theatres and concert halls
     Auditorium
     Foyer
Sacred buildings
     Nave
     Choir
	 
 
50
150
 
100
200
 
100
150
	 
 
B-C
B-C
 
B-C
B-C
 
B-C
B-C

	Homes and hotels
Homes:
Bedrooms
     General
     Bed-head
Bathrooms
     General
     Shaving, make-up
Living-rooms
     General
     Reading, Sewing
Stairs
Kitchens
     General
     Working areas
Work room
Nursery

Hotels: Entrance halls
Dining rooms
Kitchens
Bedrooms
     General
     Local
	 
 
 
50
200
 
100
500
 
100
500
100
 
300
500
300
150
 
300
200
500
 
100
300
	 
 
 
B-C
B-C
 
B-C
B-C
 
B-C
B-C
B-C
 
B-C
B-C
B-C
B-C
 
B-C
B-C
B-C
 
B-C
B-C

	Hospitals
Wards
     General lighting
     Examination
     Reading
     Circulation at night
Examination rooms
     General lighting
     Local inspection
Intensive therapy
     Bedhead
     Observation
Nurses' stations
Operating theatres
     General lighting
     Local
Autopsy rooms
     General lighting
     Local
Laboratories and pharmacies
     General lighting
     Local
Consulting rooms
     General lighting
     Local
	 
 
100
300
200
5
 
500
1000
 
50
750
300
 
750
30000
 
750
10000
 
500
750
 
500
750
	 
 
A-B
A-B
A-B
A-B
 
A-B
A-B
 
A-B
A-B
A-B
 
A-B
A-B
 
A-B
A-B
 
A-B
A-B
 
A-B
A-B
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Table 13 Room Index

	Ceiling Height (Feet)

	For Semi-indirect
and
Indirect Lighting
	9
and
9 1/2
	10
to
11 1/2
	12
to
13 1/2
	14
to
16 1/2
	17
to
20
	21
to
24
	25
to
30
	31
to
36
	37
to
50
	 
	 

	Mounting Height above Floor (Feet)

	For Direct
and
Semi-direct Lighting
	7
and
7 1/2
	8
and
8 1/2
	9
and
9 1/2
	10
to
11 1/2
	12
to
13 1/2
	14
to
16 1/2
	17
to
20
	21
to
24
	25
to
30
	31
to
36
	37
to
50

	Room
Width,
Feet
	Room
Length,
Feet
	Room Index

	9
(8 1/2-9)
	  8 - 10
10 - 14
14 - 20
20 - 30
30 - 42
42 up
	H
H
G
G
F
E
	I
I
H
G
G
F
	J
I
I
H
H
G
	J
J
J
I
I
H
	

J
J
J
I
	


J
J
J
	



J
J
	



	



	



	




	10
(9 1/2 -    10 1/2)
	10 - 14
14 - 20
20 - 30
30 - 42
42 - 60
60 up
	G
G
F
F
E
E
	H
H
G
G
F
F
	I
I
H
G
G
F
	J
J
I
H
H
H
	J
J
J
I
I
H
	
J
J
J
J
I
	


J
J
J
	



	



	



	




	12
(11-12 1/2)
	10 - 14
14 - 20
20 - 30
30 - 42
42 - 60
60 up
	G
F
F
E
E
E
	H
G
G
F
F
E
	I
H
G
G
F
F
	I
I
H
H
G
G
	J
J
I
I
H
H
	J
J
J
J
I
I
	

J
J
J
J
	




	




	




	





	14
(13-15 1/2)
	14 - 20
20 - 30
30 - 42
42 - 60
60 - 90
90 up
	F
E
E
E
D
D
	G
F
F
E
E
E
	H
G
F
F
E
E
	H
H
G
F
F
F
	I
I
H
H
G
F
	J
J
I
I
H
G
	J
J
J
J
J
I
	

J
J
J
J
	


J
J
J
	




	





	17
(16-18 1/2)
	14 - 20
20 - 30
30 - 42
42 - 60
  60 - 110
110 up
	E
E
D
D
D
C
	F
F
E
E
E
D
	G
F
F
E
E
E
	H
G
G
F
F
E
	I
H
H
G
G
F
	J
I
H
G
G
G
	J
J
J
I
I
H
	

J
J
J
I
	

J
J
J
J
	


J
J
J
	





	20
(19-21 1/2)
	20 - 30
30 - 42
42 - 60
60 - 90
  90 - 140
140 up
	D
D
D
C
C
C
	E
E
D
D
D
D
	F
E
E
E
D
D
	G
F
E
E
E
E
	H
G
F
F
F
F
	I
H
G
G
F
F
	J
I
I
H
H
H
	J
J
J
J
I
H
	
J
J
J
I
I
	

J
J
J
J
	



J
J

	24
(22-26)
	20 - 30
30 - 42
42 - 60
60 - 90
  90 - 140
140 up
	D
C
C
C
C
C
	E
D
D
D
C
C
	E
E
D
D
D
D
	F
F
E
E
E
E
	G
G
F
F
E
E
	H
G
G
F
F
F
	I
I
H
H
G
G
	J
J
I
I
H
H
	J
J
J
J
I
I
	

J
J
J
I
	


J
J
J

	30
(27-33)
	30 - 42
42 - 60
60 - 90
  90 - 140
140 - 180
180 up
	C
C
B
B
B
B
	D
C
C
C
C
C
	D
D
C
C
C
C
	E
D
D
D
D
D
	F
F
E
E
E
E
	G
F
F
E
E
E
	H
H
G
F
F
F
	I
H
H
G
G
G
	J
I
I
H
H
H
	J
J
J
I
I
I
	

J
J
J
J

	36
(34-39)
	30 - 42
42 - 60
60 - 90
  90 - 140
140 - 200
200 up
	B
B
A
A
A
A
	C
C
C
B
B
B
	D
C
C
C
C
C
	E
D
C
C
C
C
	F
E
E
D
D
D
	F
F
E
E
E
E
	H
G
F
F
F
F
	I
H
H
G
F
F
	I
I
H
H
G
G
	J
J
J
I
H
H
	
J
J
J
I
I

	42
(40-45)
	42 - 60
60 - 90
  90 - 140
140 - 200
200 up
	A
A
A
A
A
	B
B
B
A
A
	C
B
B
B
B
	C
C
C
C
C
	E
D
D
D
D
	F
E
D
D
D
	G
F
E
E
E
	H
G
F
F
F
	I
H
G
G
F
	I
I
H
H
G
	J
J
J
I
I

	50
(46-55)
	42 - 60
60 - 90
  90 - 140
140 - 200
200 up
	A
A
A
A
A
	A
A
A
A
A
	B
B
A
A
A
	C
C
C
C
C
	D
C
C
C
C
	E
D
D
D
D
	F
F
E
E
E
	G
F
F
E
E
	H
G
F
F
F
	I
H
G
G
G
	J
J
I
I
H

	60
(56-67)
	60 - 90
  90 - 140
140 - 200
200 up
	A
A
A
A
	A
A
A
A
	A
A
A
A
	B
B
B
B
	C
C
C
C
	D
C
C
C
	E
D
D
D
	F
E
E
E
	G
F
E
E
	H
G
F
F
	I
H
H
H

	75
(68-90)
	60 - 90
  90 - 140
140 - 200
200 up
	A
A
A
A
	A
A
A
A
	A
A
A
A
	A
A
A
A
	B
B
B
B
	C
C
B
B
	D
D
C
C
	E
E
D
D
	F
F
E
E
	G
F
F
F
	I
H
G
G
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Table 14 Utilization Factor for Typical Luminaries of the Five Classifications of Lighting Systems

	
	Walls
	50%
	30%
	10%
	50%
	30%
	10%
	30%
	10%

	
	Room
Index
	Utilization Factors

	Direct         0 / 79
     Maintenance Factor
     Good.................0.75
     Average............0.65
     Poor..................0.55
	J
I
H
G
F
E
D
C
B
A
	0.37
0.45
0.49
0.53
0.56
0.61
0.66
0.67
0.71
0.72
	0.31
0.41
0.45
0.49
0.53
0.58
0.63
0.65
0.68
0.70
	0.27
0.37
0.42
0.46
0.49
0.53
0.60
0.62
0.66
0.67
	0.36
0.45
0.49
0.53
0.55
0.60
0.64
0.66
0.69
0.71
	0.31
0.40
0.45
0.49
0.52
0.57
0.62
0.64
0.67
0.68
	0.27
0.37
0.42
0.46
0.49
0.55
0.60
0.62
0.65
0.67
	0.31
0.40
0.45
0.48
0.51
0.56
0.61
0.63
0.66
0.67
	0.27
0.37
0.42
0.46
0.49
0.55
0.60
0.61
0.64
0.66

	Semi-direct         25 / 60
     Maintenance Factor
     Good.................0.75
     Average............0.65
     Poor..................0.55
	J
I
H
G
F
E
D
C
B
A
	0.27
0.35
0.37
0.43
0.46
0.50
0.55
0.58
0.62
0.64
	0.25
0.29
0.34
0.38
0.41
0.46
0.50
0.53
0.57
0.60
	0.19
0.26
0.30
0.34
0.37
0.42
0.46
0.49
0.53
0.56
	0.26
0.33
0.36
0.40
0.43
0.47
0.51
0.53
0.57
0.59
	0.22
0.28
0.32
0.36
0.39
0.43
0.47
0.49
0.53
0.55
	0.16
0.25
0.29
0.32
0.35
0.40
0.44
0.46
0.51
0.52
	0.20
0.27
0.30
0.33
0.37
0.40
0.44
0.46
0.50
0.51
	0.18
0.24
0.28
0.31
0.33
0.38
0.42
0.44
0.48
0.49

	General Direct         39 / 45
     Maintenance Factor
     Good.................0.75
     Average............0.65
     Poor..................0.55
	J
I
H
G
F
E
D
C
B
A
	0.24
0.29
0.33
0.37
0.40
0.45
0.48
0.51
0.55
0.57
	0.19
0.25
0.28
0.32
0.36
0.40
0.43
0.46
0.50
0.53
	0.16
0.22
0.26
0.29
0.31
0.36
0.39
0.42
0.47
0.49
	0.22
0.27
0.30
0.33
0.36
0.40
0.43
0.45
0.49
0.51
	0.18
0.23
0.26
0.29
0.32
0.36
0.39
0.41
0.45
0.47
	0.15
0.20
0.24
0.26
0.29
0.33
0.36
0.38
0.42
0.44
	0.16
0.21
0.24
0.26
0.29
0.32
0.34
0.37
0.40
0.41
	0.14
0.19
0.21
0.24
0.26
0.29
0.33
0.34
0.38
0.40

	Semi-indirect         66 / 20
     Maintenance Factor
     Good.................0.75
     Average............0.65
     Poor..................0.55
	J
I
H
G
F
E
D
C
B
A
	0.20
0.24
0.28
0.31
0.34
0.38
0.42
0.45
0.49
0.51
	0.16
0.20
0.24
0.27
0.30
0.34
0.38
0.41
0.45
0.47
	0.13
0.18
0.21
0.24
0.27
0.31
0.35
0.37
0.42
0.44
	0.16
0.20
0.23
0.26
0.28
0.31
0.34
0.36
0.39
0.41
	0.13
0.17
0.19
0.22
0.24
0.27
0.30
0.32
0.36
0.38
	0.11
0.15
0.17
0.20
0.22
0.25
0.28
0.30
0.34
0.36
	0.10
0.13
0.15
0.17
0.19
0.21
0.23
0.25
0.27
0.28
	0.09
0.12
0.13
0.15
0.17
0.19
0.22
0.23
0.25
0.27

	Idirect         80 / 0
     Maintenance Factor
     Good.................0.75
     Average............0.65
     Poor..................0.55
	J
I
H
G
F
E
D
C
B
A
	0.15
0.19
0.22
0.26
0.28
0.32
0.35
0.38
0.42
0.43
	0.11
0.15
0.19
0.22
0.24
0.28
0.31
0.34
0.39
0.41
	0.10
0.13
0.16
0.19
0.21
0.25
0.29
0.31
0.36
0.38
	0.09
0.12
0.14
0.17
0.19
0.21
0.23
0.25
0.27
0.29
	0.08
0.10
0.12
0.14
0.16
0.18
0.21
0.22
0.25
0.27
	0.06
0.09
0.10
0.13
0.14
0.17
0.19
0.21
0.24
0.25
	0.04
0.06
0.07
0.08
0.09
0.11
0.12
0.13
0.15
0.16
	0.03
0.04
0.05
0.07
0.08
0.10
0.11
0.12
0.14
0.15


(Rawakban, 1998)
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Figure � SEQ Figure \* ARABIC �11� Composting toilet ensures an odour free environment by engineering the air flow within the unit to maintain a partial vacuum at all times





FPSF system, from Toolbase (2004)
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Figure � SEQ Figure \* ARABIC �8� A bamboo house in Colombia (ZERI 2000)





Figure � SEQ Figure \* ARABIC �1� A visual interpretation of the environmental hazards caused by modernisation in China (source: MIM team drawing)








� Estimated at 9.3% per annum between 1980-1995 (Maurer, 1998 est.) and a 2002 estimate of 8% (Nationmaster, 2004). A 9.1% GDP growth in 2003, a plan of 7% in 2004  (China daily)


� Compared to the 1990 figure of 15.66% derived from Nationmaster we can see that this is a quickly growing issue (Nationmaster, 1990).


� Fertilizers discharged into waterways feed algae and other organics, resulting in the depletion of aquatic oxygen, thereby suffocating aquatic animals and other organisms.


� Blue-green algae produce toxins that ultimately cause cancer in humans (Maurer, 1998 est.)


� One thousand tons of water produces one ton of wheat, worth $200.  One thousand tons of water used in industry creates about $14,000 (Brown, 2001).


� China relies on irrigation for 70% of its crops, compared to 15% in the US (Brown, 2001)


� The Hai River Basin, uses 55 billion cubic metres annually.  The sustainable supply is only 34 billion cubic metres, resulting in a net deficit of 21 billion cubic meters, currently being pumped out of the groundwater supply (Brown, 2001).


� It is estimated that 87% of SO2, 71% of CO2, 67% of NOx and particular matter emitted in China in total is from the combustion of coal (Ni Weidou, Li Zheng, and Xue Yuan, 2000)


� See Appendix for calculations, but the 85X number is derived using the minimum amount of solar radiation (the winter solstice number), while 147X assumes the average insolation over the course of the year.  147X actually the most reasonable number for this calculation.


� The lowest average wind speed is 5 knots from the N, S, and SSW during the summer months.  During the winter, NNW winds prevail peaking at 11 knots.  





� Yet, the data provided to us does not include the industrial energy analysis.


� See Comments section as to why this is not applicable.


� 500,000people/(4 people/home)= 125,000 homes* 2MW/1000 homes=  250MW capacity saved


� See worksheet: Data Calculations: Geothermal assumptions


� This assumes that normal heating, on a building level, would be implemented.  We are unsure if this is a fair assumption, but it is the case.  If this was completely an add-on technology, the gross payment for the use of this technology would be over $1B, with a net cost over a 30-year lifecycle of over $700M.  See Worksheet: Results.


� (8760 hrs/yr x .25 hrs daylight/day x .7kWh/m2 x .5yrs needing heating)/(1000kWh/MWh *1000MWh/GWh)


� Projected energy costs for water heating per year: 836,000,000 kWh/yr x 30% x 23% x $.058 = $3,345,672.


� 250kW could create 250*24hr/day=6MWh/day.  That means 365*6MWh= 2190MWh per year.  20 years of production translates to 43800MWh.  Considering there may be maintenance, we'll round to 40000MWh.  A project cost of 20M$ divided by the 40000MWh= .0005$/Wh, or .50$/kWh.  Fuel cost is negligible under this analysis.


� 115 kW capacity * 8000 hrs/yr


� This technology meets the 5-year limitation, so we are using its gross cost as an acceptable market size.  In cases like these, there is essentially money left on the table, meaning that the market could bear this technology being more expensive, but fortunately, doesn’t need to.


� Lumens are used to measure the visible light output (Lohuis, 2000). The more lumens produced per watt consumed, the more efficient the light source.


� This technology pays for itself at a less-than 5-year payback, thus the market size is smaller than the 5-year gains.


� A normal refrigerator costs $400 (Best Buy, 2004)





� This technology meets the 5-yr payback threshold; therefore the market size is less than the 5-yr savings.


� (50% x 23%) = 12%


� (50% x 30%) = 15%


� Note that the example in the article mentioned a 131-unit housing project that ended up saving $3000 per unit.


� (33,181,810.00 m2 / 111.4836 m2 per home) x 7000 bricks = 2,083,469,407 blocks





� R-value is an expression of heat transfer resistance.


� Ranging from $700-$900 (Romano, 2001).


� See Worksheet: Construction.  This number is based on the number of m2 developed.  Our research gives a number between 7-10% as the optimal amount of south-side exposure.  We decided, because of all other factors, to use this number around the building as a whole. A ‘check’ on this number, based from our derivation on estimates of the amount of façade area for the commercial and residential sectors, verifies that the number we came up with amounts to about 30% of façade area, a reasonable amount of window coverage.


� See Worksheet: Superwindow Calcs.  We used the number of 10% area per m2 as the middle number to be used.  In the data gathered, other numbers ranged from 7-15%.


� A 30-year payback time period would allow up to $252 per window.


� A 30-year payback time period would allow up to $490 per window.


� Note that using some of our alternative building materials with a high R-value would not be recommended in this situation.  Brick, concrete, stone, and high-transmissive materials are desired in this context.
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