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Disclaimer:

This guidance and associated spreadsheets have been prepared with a high degree of expertise and
professionalism, and it is believed that the Spreadsheets provide a useful and accurate approach for cal-
culating greenhouse gas emissions. However, the organizations involved in their development, including
WRI, WBCSD, and any other organization involved, collectively and individually, do not warrant these
Spreadsheets for any purpose, nor do they make any representations regarding their fitness for any use or
purpose whatsoever. Each User agrees to decide if, when and how to use the Spreadsheets, and does so
at his or her sole risk. When using the tools provided on the GHG Protocol website, you agree that you are
not entitled to rely on any information generated using these worksheets. You further agree to hold WRI,
WBCSD, and any of their partners in the creation of the tools, harmless for loss you might suffer arising out
of: any inaccuracies in numbers generated by the worksheets or variation between predictions and your
actual results. Under no circumstances shall WRI, WBCSD, or any of their partners that helped create the
tools, be liable for any damages, including incidental, special or consequential damages, arising from the
use of these Spreadsheets or an inability to use them.

If you distribute these tools through any means other than the GHG Protocol website at www.ghg-

protocol.org, you should check the website to ensure the tool being provided is the latest version avail-
able, and provide information to users on how to check for updates and revisions to the tools.
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Executive Summary:

Like many other coal rich countries, China depends heavily on coal to meet its electricity and economic development
needs. In 2010 coal combustion supplied 75% of the country’s electricity needs 3 and accounted for 48% of its greenhouse
gas (GHG) emissions from fossil fuel combustion *. This reliance on coal is a source of domestic and international environ-
mental problems. In response, China has been diversifying its energy mix and increasing its renewable energy generation
capacity. However, the dependence on coal will continue into the near future - an additional 300 GW of coal-fired genera-
tion capacity is expected to be added to the power supply system throughout China’s 12 Five Year Plan [2011 - 2015]. By
2015, the total capacity of coal-fired power generation units in China is expected to exceed 960 GW and account for 64%
of overall generation capacity °.

Effective measurement is an integral first step to managing emissions - GHG emissions inventories establish a basis
for designing climate change policies and emissions reduction action plans. The accurate measurement of the GHG emis-
sions from coal-fired power generation needs to play a crucial role in mitigating and managing China’s national emissions.
Historically, though, inventories of China’s power sector emissions have represented rough estimates that did not sufficiently
address the variances in generation efficiency and coal quality amongst power plants. The methodologies used diverge from
international accounting best practices, which has been facilitated by the absence of a Chinese sectoral guidance.

The World Resources Institute (WRI) and China Electricity Council (CEC) partnered to develop technical resources for
determining the emissions from Chinese coal-fired power plants through a collaborative, multi-stakeholder process. This
includes a methodology for measuring emissions, informed through analysis of international best practices and the current
measuring and reporting practices related to GHG emissions accounting in China’s power sector. The new methodology is the
basis of impending GHG accounting standards for Chinese coal-fired power plants.

Building on this methodology, WRI and its partners also created an Excel-based Calculation Tool for Chinese Coal-fired
Power Plants to help users quantify the GHG emissions from individual power generation facilities. This tool addresses data
availability challenges specific to the Chinese coal-fired power sector, is applicable to combined heat and power (CHP) plants,
and calculates performance indexes. It also has user-friendly features, such as the built-in emissions factors of purchased
electricity for scope 2 missions calculation, to make it easier to perform the calculations.

Target Users
The resources can be used by any organization or individual, although they are specifically intended for:

Power companies

Power companies can use these resources to understand the GHG emissions profile of their operations and assets,
by plant and source. The resources will also enable companies to set and track progress toward emissions reduction
targets over time as well as to report on their progress to key stakeholders.

Policy-makers

Policy makers, such as those in provincial development and reform commissions, can refer to the tool and guide
while designing Measurement, Reporting, and Verification (MRV) systems and other GHG management policies. For
example, the resources can be used to inform how individual power plants measure and report their GHG emissions un-
der cap-and-trade schemes that are under development in China, such as those in Beijing, Shanghai, and Guangdong.



Overview of the Tool and Guide

This guide outlines the tool’s development process, features and structure, calculation equations, spreadsheet functions,
and data requirements, etc. Key features of the tool include:

Focus on primary emissions sources and types.

The tool focuses on the most important GHG emissions from coal-fired power plants - the CO, emissions from coal
combustion, desulphurization of flue gases, and consumption of purchased electricity or steam. It does not include oth-
er, less important emissions sources and GHGs that are associated with power production (e.g., CHs and N,O emissions,
or the upstream GHG emissions from the extraction and transport of coal and the start-up process of generation units,
etc.). These simplifications provide a cost-effective basis for prioritizing emissions reduction efforts in the sector. How-
ever, GHG Protocol plans to update the tool over time to include additional emissions sources and to reflect changes in
GHG accounting practices in the sector.

Applicability to a wide range of plants.

Chinese power plants differ widely in the types of information, such as whether carbon content of post-combustion
ash is measured regularly, available to them that are suitable for calculating GHG emissions. The tool outlines five alterna-
tive modules in an ascending order per accuracy to cater to the circumstances of different plants and help plants enhance
their data infrastructure and scenario analysis for emissions reductions. For example, power plants with only average fig-
ures for the heating value of coal and monthly coal consumption can choose the most simplified module (#1) to calculate
emissions. Power plants with more comprehensive data (e.g. coal quality measured and recorded for each generation unit)
can use a more sophisticated module than module #1 to obtain a more specific emissions profile of its activities.

Bridging existing data gaps

Coal is measured using elemental and proximate analyses to reflect its chemical composition and physical prop-
erties. One of the results of elemental analysis, carbon content, can be used directly to calculate CO, emissions factors
for coal combustion. However, Chinese coal-fired power plants rarely conduct elemental analysis, preferring proximate
analyses instead, and thus do not have carbon content data for the coal they burn. In order to bridge this data gap, the
tool incorporates a statistical model, built on the theoretical relationship between carbon content and proximate analy-
sis results, to indirectly calculate site-specific emissions factors. This model is based on publicly available full-spectrum
coal quality data and provides a transition method toward the direct use of carbon content in determining emissions
of coal combustion.

This tool is intended for plant-level GHG accounting. Power companies desiring a more comprehensive picture
of their emissions profile may wish to develop a corporate-level inventory that consolidates information from across
their power plants and other facilities and sources. The development of a corporate inventory entails additional con-
siderations, such as the adjustment of base year emissions. Consequently, power companies should consult the GHGP
Corporate Accounting and Reporting Standard for guidance and may wish to use other tools available on GHG Protocol
website (www.ghgprotocol.org).
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C=-7771913 + 0.5980986 x VM + 1.054403 x FC
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World Coal Quality Inventory WoCQl

Carbon = B, + B, x Volatile Matter + B, x Fixted Carbon + B5 x CalorificValue + B4 x Ash
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Source SS df MS Number of obs = 18
Model 1042.5746 4 260.643649 Eféb UE= 6000
Residual 2.31774467 13 178288052 R & afega-re% 9_9g § 071
Total 1044.89234 17 61.4642553 Root MSE = 24
Carbon_ar Coef. Std. Err t P>[t| [95% Conf. Interval]
volatilem_ar 2142667 10543393 3.94 0.002 0968738 3316596
fixedcarbo-r 5027048 0736867 6.82 0.000 3435144 6618952
LHV_ar 1.190495 1573177 7.57 0.000 8506311 1.530359
ash_ar -.0550907 0181747 -3.03 0.010 -.0943548 -.0158266
_cons 3.227444 1.911744 1.69 0.115 -.9026286 7.357517
Source SS df MS Number of obs = 124
Model 11989.5651 4 299739127 P4, 119) = 471797
Residual 75.6023458 119 635313831 A & e s
Total 12065.1674 123 98.0907921 Root MSE = 79707
Carbon_ar Coef. Std. Err t P>[t| [95% Conf. Interval]
volatilem_ar 10902298 10462906 1.95 0.054 -.0014301 .1818897
fixedcarbo-r 250828 0512494 4.89 0.000 11493492 3523069
LHV_ar 1.633431 0893181 18.29 0.000 1.456572 1.81029
ash_ar -.129543 10243959 531 0.000 -.1778493 -.0812367
_cons 10.2463 2.384109 43 0.000 5.525522 14.96707
Source N df MS Number of obs = 29
Model 5090.00093 4 127250023 P4, 24) - 2208.68
Residual 13.8272769 24 576136538 Ad “a;ega—reg 2903 068
Total 5103.8282 28 182.279579 Root MSE - 75904
Carbon_ar Coef. Std. Err t P>t [95% Conf. Interval]
volatilem_ar -.2675814 1460536 -1.83 0.079 -.5690212 .0338584
fixedcarbo-~r -.2299297 1398491 -1.64 0.113 -.518564 .0587045
LHV_ar 2.469394 2831732 8.72 0.000 1.884953 3.053835
ash_ar -.2721602 .1079893 2,52 0.019 -4950391 -.0492813
_cons 27.10947 9.946304 273 0.012 6.581311 47.63764
Source N df MS Number of obs = 52
Moddl 2970.4387 2 148521935 R =B
Residual 86.6839507 49 176906022 Ad asfeg;re%- Sy T~
Total 3057.12265 51 59.9435815 Root MSE = 1.3301
Carbon_ar Coef. Std. Err t P> [95% Conf. Interval]
volatilem_ar .5980986 .0679745 8.80 0.000 4614987 7346986
fixedcarbo~r 1.054403 10262065 40.23 0.000 1.001739 1.107067
_cons -7.771913 2.130325 -3.65 0.001 -12.05296 -3.490865
ash_ar— volatilem_ar— fixedcarbo-r— LHV_ar— _cons —
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Carbon = 3.22744 + 0.2142667 x Volatile Matter + 0.5027048 x Fixted Carbon +
1.190495 x CalorificValue - 0.0550907 x Ash

Carbon = 10.2463 + 0.0902298 x Volatile Matter + 0.250828 x Fixted Carbon +
1.633431 x CalorificValue - 0.129543 x Ash

Carbon = 27.10947 - 0.2675814 x Volatile Matter - 0.2299297 x Fixted Carbon +
2.469394 x CalorificValue - 0.2721602 x Ash

Carbon = -7.771913 + 0.5980986 x Volatile Matter + 1.054403 x Fixted Carbon

RMSE 90%
(2003)

0.9705 0.9701 P 0.539
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Multilevel model
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1. —_— Allocated based on the energy
inputs used to produce the separate steam and electricity products
2. o Allocated based on the energy
content of the output steam and electricity products.
3. e Allocated based on the energy content

of the steam and electricity products.

http://www.ghgprotocol.org/files/ghgp/tools/CHP_guidance_v1.0.pdf
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C eGRID

eGRID the Emissions & Generation Resource Integrated Database

EPA
eGRID
EPA
eGRID
8 eGRID 2004 2005 2007 2009
eGRID2012 2012 5 2009
EPA
http://epa.gov/cleanenergy/energy-resources/egrid/index.html
eGRID the Climate Registry
the California Climate Action Registry AB32
eGRID eGRID
eGRID
eGRID
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D.1

/ /
2010
% 6
% 95
q4 % 1
% 98
2011
201201 56000MWh
201211 10000MWh
20120005 20000MKk]
20120012 150000Mk]
D.2
% % % M]J/kg
1 14 28 46 22.6
2 14 28 46 22.6
3 14 28 46 22.6
4 14 28 46 22.6
5 14 28 46 22.6
6 14 28 46 22.6
7 14 28 46 22.6
8 14 28 46 22.6
9 14 28 46 22.6
10 14 28 46 22.6
11 14 28 46 22.6
12 14 28 46 22.6
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D.3

% t MWh M]J
1 71 151000 1780 230000 2228000000
2 71 151000 1780 230000 2228000000
3 54 121000 1420 210000 1338000000
4 54 121000 1420 210000 1338000000
5 54 121000 1420 210000 1338000000
6 14 112000 1320 230000 315000000
7 14 112000 1320 230000 315000000
8 14 112000 1320 230000 315000000
9 71 151000 1780 230000 2228000000
10 71 151000 1780 230000 2228000000
11 71 151000 1780 230000 2228000000
12 71 151000 1780 230000 2228000000
D.4
t MWh

1 112000 1320 317500

2 112000 1320 317500

3 112000 1320 317500

4 112000 1320 317500

5 112000 1320 317500

6 112000 1320 317500

7 112000 1320 317500

8 112000 1320 317500

9 112000 1320 317500

10 112000 1320 317500

11 112000 1320 317500

12 112000 1320 317500
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[ ] Coal use (Scope 1)
| SO2 scrubbing (Scope 1)

Purchased electricity (Scope 2)
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D.8

/

EGU CO2 emisiions per unit of CO2 emissi{)ns per unit of ICO.Z .emissiorllls ger urlllit Of. d
electricity generated (g/kWh) heat supplied (g/M]) SSCtetg S(Lglﬁ)lf\;(;h) i i
Scope 1 only (coal use and SO2 scrubbing)
“Total (Plant-level) 684.9 105 729
#1 575 105 612
#2 763 811
#3
#4
#5
#6
#7
#8
+ Scope 1 and 2
695 106 739

Total (Plant-level)
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N

—F=

E.1
% % %
8.9 2.98 19.51 2.85
26.51 6.47 42.68 14.22
28.16 421 32.18 16.13
13.52 1.98 21.21 10.61
E.2
/ / /
26.12 2.96 31.73 20.29
24.71 4.06 31.42 9.57
15.41 3.22 22.36 8.84
23.74 5.30 31.67 9.46
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E.3

%

%

%

%

70.33 7.74 84.90 53.02
62.99 9.90 81.42 25.85
41.98 7.84 57.35 24.16
61.65 13.50 81.45 25.76
E.4
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eGRID

The Emissions & Generation Resource Integrated

Database

Financial Control

Scope 1 Emissions

Scope 2 Emissions

Scope 3 Emissions

Proximate analysis for coal

GB/T  212—2008

FCad=100-(Mad+Aad+Vad)

Equity Share Approach

Stationary Combustion

er

%
DL/T904—2004
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Base Year
http://
www.ccdsupport.com/confluence/pages/viewpage.
action?pageld=91553877

2 Installation

Performance Index 1

DIRECTIVE 2009/29/
EC OF THE EUROPEAN PARLIAMENT AND OF THE COUN-
CIL of 23 April 2009.

Indirect Emissions 3 2007
(' National Greenhouse and Energy Reporting Act 2007
Facility

Control Approach

http://
www.comlaw.gov.au/Details/C2007A00175

i
Combined Heat and Power Generation
i Carbon Content
Facility
i CO2 Emissions Trading

1 “ " Facility



Greenhouse Gas

(CO2) (CH4)
(N20) (HFCs) (PFCs)
(SFe)

Greenhouse Gas Protocol

Greenhouse Gas Emissions Inventory

Greenhouse Gas Emissions Factor

Y CO2 /

Greenhouse Gas Emissions Source

Mobile Emissions Source

Ultimate analysis for coal

GB/T 476—2001

Operational Boundary

Operational Control

Direct Emissions

Organizational Boundary
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The Climate Registry. June 2009. “Electric Power Sector
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