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Table 3.1. Comparison of 20- and 100-vear lifecycle global CO; equivalent (COze) emissions from coal versus natural
gas used in either an open cycle gas turbine (OCGT) or a combined cycle gas turbine (CCGT) for electricity generation.

Coal Natural Gas Natural Gas
Open Cyele Gas Turbine Combined Cycle Gas Turbine
Chemical (X) 20-v 100-y | Emis. 20-v 100-v Emis. 20-v 100-v Emis. 20-y 100-y
GWP GWP | factor COqe COse factor COye Che factor COqe COqe
(g-X (g-COe | (g-CO2e (g-3X (g-COxe | (g-COe (g-X (g-COne | (p-CO2e
kWh) kWh) kWh) kWh) kWh) kWh) kWh) kWh) kWh)
*C0;-upstream 972 972 54 3 54 54
*CHs-leak 86 34 41 353 140 435 374 148 326 280 111
“COz-plant 1 1 905 905 905 340 540 340 404 404 404
4BC+OM-plant 3,100 1,550 | 0.045 141 70 0.0003 093 047 0.0003 093 047
NO-N-plant -560 -159 023 -129 -37 0.13 -84 -24 0.015 -84 -24
=50;-S-plant -1400 | -394 075 -1.050 -393 0.005 -7 -2 00015 21 -2
Total 317 782 878 716 728 565

All 20- and 100-year GWPs are from Table 1.2. Each COqe, except for upstream values, is the product of an emission
factor and a GWP.
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Neitther natural gas nor coal is recommended in a 100 percent WWS world because, among other reasons.
the natural gas lifecycle 100-year COze for electnicity generation (565 to 716 g-COze/kWh) (Table 3.1) 1s
on the order of 56 to 72 times that of wind (~10 g-CO:e/kWh) (Table 3.5), and the 100-year coal COze
(~780 g-CO2e/kWh) 1s about 78 times that of wind. Similarly. both coal and gas produce much more air
pollution than do WWS sources (Section 3.1.2).

The CO2e emissions from natural gas versus other fossil fuels are higher for heating and transportation than
for electricity. For building heat and industrial process heat, for example, natural gas offers less efficiency
advantage over oil or coal than it does for electricity generation. As such, after accounting for all chemical
emussions and their respective global warming potentials, natural gas may cause greater long-term global
warming than does oil or coal for heating.
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3.1.2. Air Pollution Impacts of Natural Gas Versus Coal and Renewables

Whereas natural gas causes more CO:ze emissions than coal over 20 years and a sinular or slightly less level
over 100 years, coal emits more health-affecting air pollutants than does natural gas, which 1s the main
reason it has a lower COze over 20 vears than does natural gas. Nevertheless, both natural gas and coal are
much worse for human health than are WWS technologies, which emmt no air pollutants during their
operation, only during their manufacture and decommissioning. Such WWS enussions will disappear to
zero as all energy transitions to WWS since even manufacturing will be powered by WWS at that point.

Table 3.2 provides U.5. emissions from all natural gas and coal uses in the United States in 2008. The table
indicates that natural gas production and vse in the U.S. emitted more CO, volatile organic carbon (VOC),
CHs+, and ammonia (NHs3) than coal production and use, whereas coal emitted more NOx, SOz, and
particulate matter smaller than 2.5- and 10-um m diameter (PMzs, PMuw). Thus. both fuels resulted in
significant air pollution. although the higher SOz, NOy, and particulate matter emissions from coal resulted
in overall greater air pollution health problems from coal than natural gas.

Table 3.2. 2008 U.S enussions from natural gas and coal (metric tonnes/y). Bold indicates higher overall emissions
between coal and natural gas (NG).

Coal NG
All Uses All Uses

Co 680 200
VOC 40 1,130
CH. 5 310
NH: 11 54
N0, 2,800 1.540
S0, 7,600 123
PMas 200 61
PMyg 420 71

Source: TI.S. EPA (2011). VOCs exclude methane. The methane emissions from the EPA inventory are likely
underestimated (e.g.. Alvarez et al.. 2018).

Most SO and NO; emissions evolve to sulfate and nitrate aerosol particles, respectively. Natural gas also
emits NOx, but less so than does coal (Tables 2.6 and 2.7). Natural gas, on the other hand. emits much less
S0; than does coal (Tables 2.6 and 2.7). Aerosol particles, including those containing sulfate and nitrate
formed from gases in the atmosphere, and those emitted directly, cause 90 percent of the 4 to 9 nullion air
pollution deaths that occur annually worldwide (Section 1.1.1). As such, coal in particular, but also natural
gas. causes significant health damage.

Model simulations over the United States with the emission data from Table 3.2 suggests that emissions
from all natural gas sources may cause 5,000 to 10,000 premature mortalities each vear i the U S from air
pollution (Jacobson et al_. 2015a) Coal-related emissions may cause 20,000 to 50000 premature
mortalities in the U.S. Many of the remaining premature mortalities are due to pollution associated with o1l
(e.g., traffic exhaust. oil refinery evaporation). biofuels for transportation, and wood smoke emissions from
open fires_ fireplaces. and cooking.

NHsz , CH4 ,VOC ,CO :n'antna onSn YNI' DNTN 1A

PM10, PM2.5, SOx , NOx :p'antna 7an 2NI' DNTA DNO

ono TIva ,w'R 5,000-10,000 -> ¢ n'Mmaw nnimn7 2"nIXA D1IA 1A ,NNIMNN NA'Nan
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Pescentage of Total Fixed
Rank Chemical Name = Facility Incidents (%)
(1) Natural Gas i2e 152
(2) Carbon Monoxide 197 91
Methamphetanume
(3) Chemucals. NOS 131 6.1
(4) Ammonia 104 48
{5) Pyopane 7 14
(6) Mercury 50 28
(7) Chlonae 53 25
(8) Alkahne Hydroxide 50 23
9 Sulfurs Acad 42 19
(10) Hydrochlonc Acd 36 1.7
(11) Salfur Dioxsde 16 17
(12) Sodwan Hypochlorwe | 24 (i
(13) Ethylene 21 10
(14) Beazear 20 09
Polychlonnased Biphenyls
(15) (PCBs) 18 08
(16) Dimethyisloxane 18 08
un Hydrogen Sulfide NOS® 18 08
(18) Diesel Fuel 15 0.7
(19) Hydrogen Peroxide 34 o4
(20) Cllosodsflac omethane 13 0.6
Total number of mcidents with Top 20
chemicals involved in fixed facility incidents 1,273 €59
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Quotation  Ieskaahd)4-1-FSS

Customer Name Countries Email

1. PowerStation of 3MW-9.45MWh

No. Name Specification Quantity
1 Power Converter S00xW-400Y 6
LFP Battery & Pack o
2 9455.4 kWh Lithium Iron Phosphate Battery 1

BMS System
40 foot Customized Container
3 Cabinets and Racks for Battery 40-foot Battery Container 3
Equipment Shelter with Fire Protection

40 tool Customized Container
4 Cabinets and Distribution box 20-foot ESS Container 1
Equipment Shelter with Fire Protection

5 EMS Energy Control System - 1

Subtotal US$3,050,039.19
4. Cost of Shipping and Insurance
No. Modes of Transport Port of Destination Cost (USD)
1 Transport by Sea USs0.00
2 Transpartation insurance USE0.00
Total Cost of Shipping US%0.00

Layout of 20" ESS Container-3MW

Shipping Information
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Dear Moam

Thank you wery much for this opporiunity fo exchange energy storage related matiers with you, | hope we can reach an early cooperation .

For the problem of the system price decline you menboned, the price of our sysiem has dropped. and the larger ihe system, the greater the decline

J0DLWH enengy siorage sysiem China FOB price 5-- wh , Mot including overseas transporiation and sysylem commissioning, FOB delivery time: & monihs.

SODKIWWH energy sicrage system China FOB price 5-- wih , MOt inCluding owverseas transporiation and sysytem commissicning, FOB delvery Dme: 9 months

1200KWH energy siorage system China FOS prce JJJJJj wh - Mot including cverseas transportation and sysytem commissioning. FOB delivery time: 12 monihs
1B0ONWH energy starage system China FOS prce S| »n . wotinciuaing overseas ransportation ane sysytem commissioning, FOS deivery time: 14 months
It will b highly appreciated if can get your answers for our cooperation as earkest

Besl Regards
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