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DENSO Overview
DENSO is an automotive OEM 
component supplier
• A/C Compressors
• Radiators
• GPS Navigation
• Spark Plugs
• Fuel Pumps
• Starters
• Alternators
• Filters
• Electric Motors
• And many more. . . 



DENSO Overview
• #2 Automotive Parts 

Supplier in the World

• 2013 Sales $39.8 Billion (US $) 
• 140,000 employees - Globally

• 17,000 employees - North America 
• 28 Manufacturing locations in NA

Our Facility - DMMI

• About 100 acres in Battle Creek, MI 
• Campus: 5 buildings (including WWTP)

Roughly 1.4 million ft²

• Sales: $1.38 B (FY 2013)
• Associates: 2,400 employees + ≈ 500 temps

Our Products 
• DMMI is the manufacturer of high quality automotive 

heat exchangers
• Radiators, heaters, air conditioning components, and  

their final assemblies
• Our customers include Toyota, Chrysler, Honda, GM, 

Ford, and others
• In FY 2013, produced 18.3 M  cores produced

(radiator, heater,  condenser, and evaporator)

Fun Facts (2013)
- Our average electric bill:  8,9000,000  kW-hr/ month 
- Recycling rate: 89%       12.1 M pounds in 2013
- Landfill waste:  99.8% (from 1999)
- Trash volume:  78%    (from 2001)
- CO2 emissions:  50% n (from 2001)  

(Nat. gas + electricity)
- VOC emissions:  36% n (2000)
- Water use:  42% n (2000)



8 Step Problem Solving Method



The most important step, involve:
• Users/Operators/Employees
• Machine Techs/Maintenance
• Engineers
• Vendors
• Trail areas

Organize Team



1. Processes: Every step is important
 Reactions, conditions, etc.

2. Chemicals:
 SDS/MSDS
 Production or Sub-material

3. Equipment:
 Materials of construction, function, 

etc.

Define the Situation



Think about the life cycle
1. Materials Extraction
2. Manufacturing
3. Distribution
4. Usage
 Prevention/Alternatives

5. End of Life Management –
Triangle above



Case Studies
• Flux Wastes – Two Parts

• Virgin Vs. Brazed (Where Gen. Know. fails)
• Carrier Change

• Powder Paint vs. Solvent
• Antifreeze Substitution
• Part Washers – Two Parts

• Virgin vs. Reused
• Solvent vs. Bioremediation

• Aerosol Cans (Maybe, if we have time)



Flux Waste: Virgin vs. Brazed 

Example of where Gen. Know. fails:
• DENSO uses several types of flux

• Dry
• Paste
• Spray (VOC and Water Based)

• Flux is a chemical cleaning, 
flowing and purifying agent. It 
improves the brazing process. 



Flux Waste: Virgin vs. Brazed 



Flux Waste: Virgin vs. Brazed 
R 299.9302 (b) For the purposes of complying with the 
provisions of 40 C.F.R. part 268 (LDR), or if the waste is 
not listed as a hazardous waste, the generator shall 
determine if the waste meets 1 of the characteristics of 
hazardous waste pursuant to the provisions of R 
299.9212 by doing either of the following:

(i) Testing the waste according to the methods set 
forth in the provisions of R 299.9212 or according 
to an equivalent method approved by the director 
pursuant to the provisions of R 299.9215.

(ii) Applying knowledge of the hazardous 
characteristics of the waste in light of the 
materials or processes used.



Applying Knowledge (Generator)

Flux Waste: Virgin vs. Brazed 

Process/Equipment

Brazing = Not listed 
(F, K)

Chemicals (SDSs)/ 
Materials

Flux on an Aluminum 
Core = Not Char. D

Test

What Happened? 
“Change”



Brazed Flux = Hazardous
• TCLP for Cadmium & Chromium

• Total by ICP / 20 (worst case)

Virgin Material = Non-hazardous 
using generator knowledge & TCLP
• No Cadmium or Chromium

Flux Waste: Virgin vs. Brazed 



Flux Waste: Virgin vs. Brazed 

Follow the process: What happens 
to flux in the electric arc furnaces?
• Conditions:

• Nitrogen purged
• 1100oF
• Low dew point

• Flux transforms,
• Melts, and
• Brazes parts

http://www.aluminium-brazing.com/



Flux Waste: Virgin vs. Brazed 

What else happens? Side Reactions
• Flux mixes with water and makes HF

3KAlF4 + 3H2O → Al2O3 + K3AlF6 + 6HF

• The HF reacts with the furnace and 
pulls out heavy metals.

http://www.aluminium-brazing.com/



Flux Waste: Virgin vs. Brazed 

• Can’t change the chemistry, but… 
we can manage the process for 
less accumulation

• Guidance for employees:
• Control the fluxing process
• Don’t mix waste

• Disposal is 5x cost of Virgin
• When naming, ask yourself ?s



Background:
• DENSO has had a goal to reduce 

VOCs since 2000.
• Title V Air Permit
• About 25% of the plants VOCs 

were from fluxes
• Most of that was from one area

Flux Waste Carrier Change



Background:
• Used a flux with

• 46% VOC = 3-Methoxy-3-
methylbutan-1-ol (3-MMB)

• Flash Point: 160oF
• Waste: Easy to handle

Flux Waste Carrier Change



Flux Waste Carrier Change

• After some testing, we found a 
low VOC flux (0.7%) that worked

• Brazed well
• No residue or black marks
• No quality issues

• Designed a machine
• Centrifuge to pull out solids
• Reuse water (flush and clean)



Flux Waste Carrier Change

• Issue: After a year and a half of 
messing with the process, the 
system failed

• Pulled out
• Redesigned

• Catch Tray
• Flushing
• Settling tanks



Flux Waste Carrier Change

Worked with engineering, a kaizen 
team, and the operator.

Water Rinse Valve

Water valve with limit sensor.



Flux Waste Carrier Change

Reduction of flux waste 
• 200,000 lbs/year
Water Recycled
• 21,000 gallons/year
Total Net Savings
• $35,979



Solvent vs. Powder Paint
Background: 
• Customers requirement: Paint 

product black (visual reasons) 



Solvent vs. Powder Paint
Challenge: Solvent Paint Impacts
• Air Emissions – VOCs, HAPs
• Overspray waterfall maintenance
• Incinerator cost & maintenance
• Paint sludge & other wastes

• F003, D001, etc.
• Potential fire hazard



Solvent vs. Powder Paint
Change Over:  Powder Paint 
• A “classical” opportunity

• Metal (conductive) substrate
• One color of Paint (Black) 

• Changed in 1997
• Annual savings $280,000
• Waste reduction 154,000 lbs



Solvent vs. Powder Paint



Powder Paints Dirty Little Secret
• Frequent color changes 

cause tons of waste
• Solutions:

• Re-use on non-visual parts
• Melt down for plastic parts
• Additive to Cement
• Adhesive replacement

Solvent vs. Powder Paint

Sustainable Manufacturer Network
sustainablemfr.com



Antifreeze Substitution
Background:
• DENSO has had a goal to reduce 

toxic chemicals since 2000.
• In 2008, we started looking at 

Ethylene Glycol
• Major users: Quality Lab          

and Molding



Antifreeze Substitution
Ethylene Glycol
• Hazardous chemical subject to 

reporting under 40 CFR 372 
(SARA Title III, Sec. 313 aka 
Form R Rules).



Antifreeze Substitution
Failure one: DI Water with additive
• Gummed up the molds
• Overheated, Etc.

Back to the drawing board:
• Met with several vendors
• Suggested propylene glycol 

product



Antifreeze Substitution
Propylene Glycol
• Considerably less toxic
• Recycled the same way

• Glycol Recovery
• Not a hazardous chemical 

subject to Form R reporting



Antifreeze Substitution



Antifreeze Substitution:
Ethylene Vs. Propylene Glycol

Results: Worked better
• Started with a 50% conc.
• Now use a 30% conc.
• 2013: used 70 drums

• Cost savings of almost 
$100/drum over EG

• Did not report EG on our next 
Form R



Parts Washers: Part One
Recycled Vs. Virgin

Background:
• Rented standard parts washers 

with a low flash solvent (D001)
• Switched solvents

• Recycled
• Money saving effort
• More sustainable



Parts Washers: Part One
Recycled Vs. Virgin

Issue:
• Key issue: Waste contained 

chlorinated solvents.

Where did they come from?
• Chemicals: We did not use 

chlorinated solvents



Parts Washers: Part One
Virgin vs. Recycled

When all else failed, lots of testing
• Every parts washers waste
• Virgin parts washer solvent

• Contaminated before we used it
Contamination was a benefit
• Switched to a higher flash virgin

material = no hazardous waste



This image cannot currently be displayed.

Parts Washers: Part Two
Solvent vs. Bioremediation

Employees liked it, but…
• It smelled (petroleum based)
• Serviced every 4 to 12 weeks ($)
• Lots of non-hazardous waste

Can we do Better?
• Enter a rebuild employee



Parts Washers: Part Two
Solvent vs. Bioremediation

New style parts washer:
• Natural microorganisms 

biodegrade greases and oils into 
CO2 and H2O

• Cleaner continuously renews 
itself

This image cannot currently be displayed.



New style parts washer:
• Solvent-free parts 

cleaning/degreasing
• Safe to use, hassle-free
• Non-flammable, non-toxic, free 

of VOC's
• No waste disposal problem*

This image cannot currently be displayed.

Parts Washers: Part Two
Solvent vs. Bioremediation



Parts Washers: Part Two
Solvent vs. Bioremediation

Results:
• Annual cost savings $14K

• 7 solvent to 6 bioremediation
• Associates loved them
• Optional cleaning service

• Filters fluid
• Machine Maintenance

• However…

This image cannot currently be displayed.



Parts Washers: Part Two
Solvent vs. Bioremediation

Downsides:
• Dispose of tank contents ~1/year

• Don’t handle synthetic grease 
• Heated to 106oF
• Everyone's definition of a VOC is 

not the same This image cannot currently be displayed.



Aerosol Cans

Hard to get rid of:
• Operators love them
• Easy to use
There is no easy answer
• Puncture and drain systems*
They are more than likely going to 
be a hazardous waste 

This image cannot currently be displayed.



Aerosol Cans

Depending on who you talk to, 
waste aerosol cans could be:
• Flammable (D001)
• Reactive (D003)
• Filled with solvents (F001-F005)
• Etc.



Aerosol Cans

Create a spec sheet of your needs
• Know your process
• Involve operators
• Get buy-in

Recently, we did just
this.

This image cannot currently be displayed.



Aerosol Cans

Our organization has not had that 
much luck
• Banned HMIS flammability 3+ 

and several ingredients
We have tried 100s of alternatives
• Hand spray bottles
• Compressed air charged bottles
• Manual applications



Michigan Department of 
Environmental Quality

www.michigan.gov/deq

1-800-662-9278


