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Executive Summary
The Asia Pacific Partnership project supported by the Department of State builds upon work completed for the U.S. EPA to identify barriers to and opportunities for CHP in China, past work undertaken by WADE (World Alliance for Decentralized Energy) to evaluate the benefits of CHP and clean distributed generation to China and other countries, and individual efforts by team members to support deployment of efficient CHP in China and other growing economies
. The project is intended to develop policy options, action plans, and stakeholder commitment at the provincial level to increase the deployment of CHP and clean distributed energy in China.  Five target provinces/municipal districts were selected based on a review of their fuel supply outlook including natural gas, sustainable biomass and waste thermal sources; an assessment of overall economic growth and development; and an evaluation of the technical application potential for CHP within each of the areas:
· Shanghai – has a track record with CHP, has addressed some of the key barrier issues

· Liaoning – large industrial base, access to natural gas, Rebuild Northeast initiative
· Shandong – large industrial base, access to natural gas, policies to promote clean energy

· Jiangsu – large  industrial base, access to natural gas

· Sichuan – natural gas supply, industrial base, Build the West initiative

Initial analyses of the policy, regulatory and market climate for clean distributed energy and CHP in each of the target provinces provided the following conclusions:

· Existing CHP in China is mostly coal-based and integrated with municipal or industrial district heating systems or tied to power plants selling steam to adjacent industrial sites or district heating loops.

· These systems are often based on old, inefficient coal boilers and heating loops (average district heating boiler efficiency in China is 60 to 65 %, heat loss from district heating pipelines estimated to be 25 to 50%), so energy efficiency and GHG reduction benefits of this CHP are limited.

· Growing interest in wind power is a driving force in incentivizing the use of clean distributed generation that provides a pathway for other clean energy technologies like CHP.

· The growth of decentralized wind power is also driving the discussions on grid interconnection standards and procedures that can be easily adapted to CHP installations.
· There is an opportunity for large GHG reductions through the use of customer-based CHP applied at individual industrial facilities and new commercial/residential development – utilizing very efficient and clean (in terms of criteria pollutants and GHG) systems based on natural gas and renewable and waste fuels.

· Officials in most of the target areas are familiar with customer-based CHP and would like to promote its development and/or incorporate it into urbanization plans, but see many barriers to its deployment.  Many of these barriers can be impacted by appropriate policies and guidelines from the national and provincial governments.

Project Methodology

This phase of the project created a quantitative analysis of the clean DE and CHP opportunity for each province using WADE’s propriety Distributed Energy Model.  The approach was to develop a detailed estimate of the technical potential for CHP/DE in high electric/thermal energy intensive industries and large commercial/institutional applications within the five target provinces in China, analyze local fuel resources and regional supply outlook, and estimate potential energy, economic and greenhouse gas savings benefits that the technical potential represents compared to continued development of a central station generation growth model. 
The WADE model provides a powerful and flexible tool to enable policymakers and others to understand the economic and environmental benefits of distributed energy and CHP. Uniquely, the model compares, in energy, economic and environmental terms, central and decentralized power as options for meeting future electric capacity requirements. The comparison includes an estimate of the impact on transmission and distribution costs, a major component of overall capital and retail costs, but one that is often ignored in comparisons of generation options.  The WADE model has been modified through this project to accommodate a better understanding of customer-based CHP potential, building a “ground-up” based evaluation of the potential versus a “top-down” estimate as had been done before.  The ground-up approach builds the CHP potential based on engineering knowledge of industrial plant, institutional building and commercial building power and thermal requirements.  From this basis a more accurate picture of CHP potential and impact can be determined.  The model was also redesigned to better account for changing central station fuel usage trends and more accurately calculate displaced electric and thermal emissions impact. 

An estimate for clean DE and CHP technical potential was developed for each target province/municipality using the best available industrial and commercial building data collected by the project team.  It is expected that the data set will be improved over time.  Specific applications included:
· Industrial retrofits – using natural gas, waste fuels and waste heat (chemicals, refining, paper, steel, cement, manufacturing) to provide efficient power and heat to individual factories and industrial plants.

· New commercial development – district energy (cooling and heating) systems at new urban city centers, and building/campus level combine heat and power/combined cooling, heating and power in existing electric constrained city centers (multi-use complexes, hospitals, universities, railway stations, hotels)
· Waste fuels and biomass-based applications – use where available (waste heat to power in cement plants and steel mills, waste gas to power in chemicals and steel facilities, power generation from landfill gas and digester gas)
The estimate of clean DE and CHP technical potential was developed in terms of electricity generating capacity based upon general engineering knowledge of each industry segment and building archetype, and the potential of each application segment to incorporate combined heat and power or to generate power through waste energy or alternative fuels.   Further analysis was based on historical practices in the United States and local knowledge when available.  A projection of the technical potential through 2030 was developed based on projected growth rates for commercial and industrial development in China. Table ES-1 shows a summary of the estimates of clean DE and CHP technical potential through 2030 for each of the target provinces/municipalities: 

Table ES-1 – Clean DE and CHP Technical Potential - 2030

	Application Segment
	Technical Potential  (GW)

	Jiangsu

	General Industrial CHP
	24.1

	Industrial Waste Heat
	2.2

	Industrial Waste Gas
	3.6

	Commercial/Institutional
	7.2

	Biogas/Biomass
	0.6

	Total
	37.7

	Liaoning

	General Industrial CHP
	10.2

	Industrial Waste Heat
	1.3

	Industrial Waste Gas
	2.7

	Commercial/Institutional
	7.0

	Biogas/Biomass
	0.2

	Total
	21.4

	Shandong

	General Industrial CHP
	33.1

	Industrial Waste Heat
	2.2

	Industrial Waste Gas
	3.4

	Commercial/Institutional
	9.3

	Biogas/Biomass
	0.5

	Total
	48.5

	Shanghai

	General Industrial CHP
	6.39

	Industrial Waste Heat
	0.6

	Industrial Waste Gas
	1.7

	Commercial/Institutional
	11.2

	Biogas/Biomass
	0.0

	Total
	19.9

	Sichuan

	General Industrial CHP
	7.1

	Industrial Waste Heat
	1.8

	Industrial Waste Gas
	1.3

	Commercial/Institutional
	4.5

	Biogas/Biomass
	0.8

	Total
	15.5


Technical potential is defined as the generating capacity of clean DE and CHP that could ultimately be applied in the target province/municipal area based on the electric and thermal profiles of applicable market sectors, and does not include a screening for project economics, fuel availability (except in the cases of waste heat and waste gases), or  site-specific constraints.  

The total technical potential for clean DE and CHP within the five target regions is estimated to be 143.7 gigawatts (GW) of electric generating capacity.  This represents 38 percent of the 371.5 GW increase in central station generating capacity projected to be required in these five regions between 2010 and 2030 (see Table ES-2).   
Table ES-2 – Projected Central Station Power Generation Capacity Requirements (GW) - 2030

	Generating Source
	2010 (GW)
	2030 (GW)

	Jiangsu

	Coal Thermal (Indigenous and imported)
	73.09
	171.29

	Nuclear
	2.00
	10.55

	Natural Gas Thermal
	1.50
	2.56

	Biomass
	0.33
	1.61



	Hydro
	0.14
	0.24

	Wind
	0.65
	7.36

	Total
	77.71
	193.16

	Liaoning

	Coal Thermal (Indigenous and imported)
	33.4
	65.80

	Nuclear
	0
	7.00

	Natural Gas Thermal
	0
	0.80

	Biomass
	0
	0.90



	Hydro
	1.40
	2.40

	Wind
	0.70
	7.90

	Total
	35.5
	86.2

	Shandong

	Coal Thermal (Indigenous and imported)
	85.40
	189.30

	Nuclear
	0
	11.10

	Natural Gas Thermal
	0
	0.80

	Biomass
	0
	0.90



	Hydro
	0
	0

	Wind
	0.76
	7.90

	Total
	86.16
	210.00

	Shanghai

	Coal Thermal (Indigenous and imported)
	23.77
	171.29

	Nuclear (imported)
	0.70
	10.51

	Natural Gas Thermal
	6.20
	2.56

	Biomass
	0.25
	1.10



	Hydro
	0
	0

	Wind
	0.05
	7.60

	Total
	31.02
	70.86

	Sichuan

	Coal Thermal (Indigenous and imported)
	18.00
	37.10

	Nuclear
	0
	6.80

	Natural Gas Thermal
	1.50
	2.60

	Biomass
	0
	0



	Hydo
	21.00
	35.80

	Wind
	0
	0

	Total
	40.6
	82.30


Energy, Economic and Environment Impact Potential of Clean DE and CHP 

Deployment of CHP/DE can save energy and CO2 emissions by displacing coal-based central station generation with more efficient coal, natural gas and waste fuel/waste heat CHP and distributed energy located at or close to the users.  Energy savings from CHP/DE results both from the avoidance of coal consumption at the central station power plant, and the avoidance of coal and some natural gas that would have been used to generate needed thermal energy at the point of use. The total energy savings resulting from full deployment of the 143.7 GW of CHP/DE potential in the four provinces and Shanghai is found in Table ES-3 and amounts to about 6.3 billion GJ annually in 2030.  This equals an energy savings of about 19 percent over an energy future that relied solely on central station generation.
Table ES-3- CHP Technical Potential Energy Savings by 2030

	 GigaJoules
	Jiangsu
	Liaoning
	Shandong
	Shanghai
	Sichuan
	Total

	Base Year Energy 
	5,451,396,482
	2,260,764,995
	4,960,500,627
	1,664,424,080
	1,000,780,866
	15,337,867,050

	2030 Energy - Only Central Station
	11,579,123,834
	4,322,271,991
	11,206,151,448
	3,749,084,777
	2,391,984,089
	33,248,616,139

	2030 Energy - With New CHP/DE
	9,817,022,803
	3,473,795,536
	9,023,015,750
	2,890,578,065
	1,720,054,004
	26,924,466,158

	CHP/DE Energy Savings
	1,762,101,030
	848,476,455
	2,183,135,698
	858,506,712
	671,930,085
	6,324,149,980

	Percent Savings with DE/CHP
	15.22%
	19.63%
	19.48%
	22.90%
	28.09%
	19.02%


Deploying 143.7 GW of customer based CHP would result in a 33% reduction in CO2 emissions from projected incremental central power generation in 2030 for the four provinces and Shanghai (Table ES- 4). 

Table ES-4 - CHP Technical Potential CO2 Savings

	 Tons
	Jiangsu
	Liaoning
	Shandong
	Shanghai
	Sichuan
	Total

	Base Year CO2 Emissions 
	474,853,433
	197,077,158
	433,107,586
	135,841,464
	85,870,919
	1,326,750,560

	2030 CO2 Emissions - Only Central Station 
	1,007,377,974
	371,945,630
	975,432,200
	306,662,386
	205,847,053
	2,867,265,243

	2030 CO2 Emissions - With New CHP/DE
	731,834,442
	244,009,388
	645,979,540
	178,453,089
	111,709,361
	1,911,985,820

	Savings with CHP/DE 
	275,543,532
	127,936,241
	329,452,660
	128,209,297
	94,137,693
	955,279,423

	Percent Savings with DE/CHP
	27.35%
	34.40%
	33.78%
	41.81%
	45.73%
	33.32%


The ultimate impact is the macro economic savings of deploying CHP/DE systems at the provincial level.  Energy savings and CO2 reduction can easily be captured as valuable to the province.  Economic savings are more difficult to assign at the provincial level as these savings are apportioned by several key entities.  For example, electric utilities save substantial capital cost in not having to build power plants and transmission and distribution infrastructure.  This ultimately saves customers money because of the inefficiency of the utility over-build and then use expansion model.  However, some entity must build the CHP plant and recoup the capital cost over time based on the CHP plant’s efficiency.   Tables ES-5 and ES-6 contain a macroeconomic view of total savings of fully deploying the technical potential for CHP/DE systems by 2030 without regard to the recipient of those savings.
Table ES-5 - CHP Technical Potential Economic Impact (Dollars)

	Total Cost in 2030 (Millions of Dollars) Cumulative 2010 - 2030

	 
	Jiangsu
	Liaoning
	Shandong
	Shanghai
	Sichuan
	Total

	Only Central Station  
	$288,163 
	$132,684 
	$312,388 
	$101,201 
	$107,603 
	$942,039 

	Central Station with New CHP/DE
	$259,102 
	$123,476 
	$292,628 
	$87,899 
	$96,893 
	$859,998 

	    Central Station  
	$170,014 
	$72,888 
	$167,418 
	$41,550 
	$65,640 
	$517,510 

	    CHP/DE
	$89,088 
	$50,587 
	$125,210 
	$46,349 
	$31,253 
	$342,487 

	Savings with DE/CHP
	$29,061 
	$9,208 
	$19,760 
	$18,797 
	$10,710 
	$87,536 


Table ES-6 - CHP Technical Potential Economic Impact (RMB)

	Total Cost in 2030 (Millions of RMB) Cumulative 2010 - 2030

	 
	Jiangsu
	Liaoning
	Shandong
	Shanghai
	Sichuan
	Total

	Only Central Station  
	 ￥1,967,089 
	 ￥905,739 
	 ￥2,132,458 
	 ￥690,827 
	 ￥734,532 
	￥6,430,645

	Central Station with New CHP/DE
	 ￥1,768,711 
	 ￥842,884 
	 ￥1,997,569 
	 ￥600,026 
	 ￥661,424 
	￥5,870,614

	    Central Station  
	 ￥1,160,570 
	 ￥497,558 
	 ￥1,142,847 
	 ￥283,632 
	 ￥448,079 
	￥3,532,686

	    CHP/DE
	 ￥608,141 
	 ￥345,326 
	 ￥854,722 
	 ￥316,394 
	 ￥213,346 
	￥2,337,929

	Savings with DE/CHP
	 ￥198,378 
	 ￥62,855 
	 ￥134,888 
	 ￥128,315 
	 ￥73,108 
	￥560,030


The cumulative macroeconomic impact, for the four provinces and Shanghai of deploying the full CHP/DE technical potential during the period of 2010 – 2030 would be a savings of about $82 billion dollars (Table ES-5) or ￥560  billion RMB (Table ES-6).
Tables ES-7 and ES-8 provide insight into the potential benefits CHP/DE provides in displacing coal consumption (both at central station power plants and at industrial facilities).  Deployment of the full CHP/DE technical potential for the four provinces plus Shanghai results in a 15.65 quadrillion Btu (16.52 billion GJ) annual decrease in coal use in 2030.  It would also result in an increase in annual projected natural gas use of 8.21 quadrillion Btu (8.66 billion GJ) in 2030.
Table ES-4 - Potential Incremental Energy Use from Deployment of CHP/DE (MMBtu/yr)
	Province/MCD
	Year
	Increased Nat Gas Use 
	Coal Savings 

	Jiangsu
	2015
	610,022,519
	(1,091,571,336)

	
	2020
	1,226,661,498
	(2,196,379,774)

	
	2030
	2,453,322,996
	(4,392,759,549)

	Liaoning
	2015
	245,372,311 
	(487,049,134)

	
	2020
	490,744,622 
	(974,098,268)

	
	2030
	981,489,245 
	(1,948,196,536)

	Shandong
	2015
	738,899,726 
	(1,310,111,704)

	
	2020
	1,483,162,400 
	(2,630,952,696)

	
	2030
	2,966,324,801 
	(5,787,592,554)

	Shanghai
	2015
	264,630,559 
	(490,442,997)

	
	2020
	536,522,641 
	(995,413,630)

	
	2030
	1,073,045,283 
	(1,990,827,260)

	Sichuan
	2015
	183,143,263 
	(381,751,918)

	
	2020
	368,161,961 
	(767,613,476)

	
	2030
	736,323,922 
	(1,535,226,952)

	Total
	2015
	2,042,068,378 
	(3,760,927,089)

	
	2020
	4,105,253,123 
	(7,564,457,844)

	
	2030
	8,210,506,247 
	(15,654,602,851)


Table ES-5 - Potential Incremental Energy Use from Deployment of CHP/DE (GJ/yr)

	Province/MCD
	Year
	Increased Nat Gas Use 
	Coal Savings 

	Jiangsu
	2015
	643,610,359 
	(1,151,673,253)

	
	2020
	1,294,201,480 
	(2,317,312,445)

	
	2030
	2,588,402,961 
	(4,634,624,890)

	Liaoning
	2015
	258,882,511 
	(513,866,059)

	
	2020
	517,765,021 
	(1,027,732,118)

	
	2030
	1,035,530,043 
	(2,055,464,237)

	Shandong
	2015
	779,583,545 
	(1,382,246,455)

	
	2020
	1,564,825,322 
	(2,775,812,952)

	
	2030
	3,129,650,644 
	(6,106,257,400)

	Shanghai
	2015
	279,201,117 
	(517,446,788)

	
	2020
	566,063,578 
	(1,050,221,104)

	
	2030
	1,132,127,156 
	(2,100,442,209)

	Sichuan
	2015
	193,227,131 
	(402,771,178)

	
	2020
	388,432,959 
	(809,878,274)

	
	2030
	776,865,918 
	(1,619,756,548)

	Total
	2015
	2,154,504,663 
	(3,968,003,734)

	
	2020
	4,331,288,360 
	(7,980,956,893)

	
	2030
	8,662,576,721 
	(16,516,545,284)


Conclusions

Development of customer-based CHP and clean decentralized energy can provide significant benefits ion the four target provinces and Shanghai by displacing inefficient coal-based central station power generation with power produced from highly efficient natural gas CHP technologies and DE technologies fueled by waste heat and industrial and commercial waste fuels. Full deployment of CHP/DE would result in an overall energy reduction in the four provinces and Shanghai of 19 percent in 2030 compared to continued reliance on traditional central station power generation, and a total reduction in CO2 emissions of 33 percent.












� APP CHP in China project team includes WADE, ICF International, EXERGY Partners, and Solar Turbines


� Based on projections developed by the study team





[image: image2.jpg]“WADE FOUNDATION



                     The Potential for Clean DE and CHP in China – Executive Summary                9
[image: image2.jpg]

