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Scott, 

Please find below responses to your questions for the Four Factor Review needed for the state 
Regional Haze Plan. 

Let us know if additional clarification is required. 

Steve Klafka 

1. The cost of compliance for each identified control, equipment update, or operational 
practice if lower emission limits are implement via additional controls, updated
equipment, or other operational improvements 

a. NOx – Cost and $/ton 

Appendix C of the permit application estimates that glass furnace emissions will be reduced 
from 887.7 to 245.0 tpy, for a reduction of 642.7 tpy. 
The estimated cost of the new SCR control system is $10 million. Based on 7% interest and 20 
year life, the annual cost is $944,000 per year. 
Using the annualized cost and emissions reduction, the estimated cost effectiveness is $1,469 
per ton of NOx. The actual cost will be higher since this does not include operating costs. 

b. SO2, PM – Temperature change – Lower scrubber temperature and reheat - Cost and $/ton 

The operating temperature of the new SCR system will require the existing spray dryer and 
ESP to operate at higher temperatures, reducing their collection efficiency and requiring a 
reheat burner. 
The SO2 emissions limit will be increased from 0.6 to 0.8 lbs/ton. The total PM emission 
limits of 0.94 lbs/ton will not change. There will emission increases due to the increase in 
capacity from 650 to 750 tpd of glass. 
The natural gas-fired reheat burner will have a capacity of 17 mmbtu/hr. Assuming continuous 
operation and $0.3 per therm, the additional fuel cost $446,760 per year and the cost 
effectiveness is $695 per ton of NOx. 

2. Time necessary for compliance. 

When will the SCR be operational - Based on the schedule for the Portage plant, it may 
require 11 months for installation. Assuming a construction permit is issued by April 1, 2020, 
the SCR system would be operational by March 1, 2021. 



 

 

 

 

3. The energy and non-air quality environmental impacts of compliance (e.g., non-air 
waste steams). 

a. SCR - Ammonia and PM increases 

Based on the design of the SCR system at the Portage plant, estimated usage of the 19% 
ammonia reagent is 816 lbs/hr. Ammonia emissions are calculated in Appendix D of the 
permit application. Based on an ammonia slip guarantee of 10 ppm, estimated ammonia 
emissions based on continuous operation will be 9.5 tpy. 

The total PM emission limits of 0.94 lbs/ton will not change. There will emission increases 
due to the increase in capacity from 650 to 750 tpd of glass. PM emissions are calculated in 
Appendix C of the permit application. The PM emissions from the glass furnace will increase 
from 111.0 to 128.7 tpy, for an increase of 17.7 tpy. 

The SO2 emissions limit will be increased from 0.6 to 0.8 lbs/ton. There will also emission 
increases due to the increase in capacity from 650 to 750 tpd of glass.SO2 emissions are 
calculated in Appendix C of the permit application. The SO2 emissions from the glass furnace 
will increase from 75.6 to 114.2 tpy, for an increase of 38.6 tpy. 

b. SO2/PM controls - Additional fuel if needed – Added Emissions 

The existing SO2 and PM controls for the glass furnace use no fuels. 

4. The remaining useful life of any existing source subject to such requirements. 

The Cardinal FG Winlock glass plant has operated since 2006. Assuming routine maintenance, 
the plant and its glass furnace will continue operating well into the future. 

*** 

On 11/7/2019 9:01 AM, Inloes, Scott (ECY) wrote: 

Steve, 
Thanks for sending me a copy of the permit application for the installation of 
the SCR NOx controls. Ecology is working on our Regional Haze plan for the 
State of Washington. Cardinal FG is making major reductions in their site wide 
emissions of over 350 tpy based on 2014 actual emissions. Ecology is required 
to perform a four factor analysis as part of the regional haze program. I will 
need your help with the bold and underlined items below. 
Four Factor Review: 

<!--[if !supportLists]-->· <!--[endif]-->The cost of compliance for each 
identified control, equipment update, or operational practice if lower 
emission limits are implement via additional controls, updated 
equipment, or other operational improvements 

<!--[if !supportLists]-->o <!--[endif]-->NOx – Cost and $/ton 
<!--[if !supportLists]-->o <!--[endif]-->SO2, PM – Temperature change 

– Lower scrubber temperature and reheat - Cost and $/ton 
<!--[if !supportLists]-->· <!--[endif]-->The time necessary for compliance. 



 

 

 

 

 

 

-- 

<!--[if !supportLists]-->o <!--[endif]-->When will the SCR be 
operational 

<!--[if !supportLists]-->· <!--[endif]-->The energy and non-air quality 
environmental impacts of compliance (e.g., non-air waste steams). 

<!--[if !supportLists]-->o <!--[endif]-->SCR - Ammonia and PM 
increases 

<!--[if !supportLists]-->o <!--[endif]-->SO2/PM controls - Additional 
fuel if needed – Added Emissions 

<!--[if !supportLists]-->· <!--[endif]-->The remaining useful like of any existing 
source subject to such requirements. 

<!--[if !supportLists]-->o <!--[endif]-->Years 
Please complete the above request by December 15, 2019. Call me if you need 
clarification. Ecology is planning to meet with the facility staff this month. We 
will contact the facility soon. 
Scott Inloes, PE. 
Air Quality Program 
WA Department of Ecology 
Phone: 360-407-6896 

Steven Klafka, P.E., BCEE 
Environmental Engineer
Wingra Engineering, S.C.
508 Elmside Boulevard 
Madison, WI 53704
(608) 255-5030
www.wingraengineering.com
Since 1991 


