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Green Engineering Goals and Activities

• Drive towards sustainability
• Systematic tiered assessment process
• Create awareness and innovative use 

of resources and technologies already 
currently available

Which will…
… Dispel the myth that environmental 

projects cost money
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Material Flow to Metrics
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*Jimenez-Gonzalez C, Overcash MR and Curzons AD.  J. Chem. Technol. 
Biotechnol. 71:707-716 (2001)
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Pharmaceutical 
Manufacturing ProcessSOLVENTS

(Insoluble, Soluble) No 3rd Party Sales

ENERGY WATER

Post-Treatment:  Off Site Incineration
Mixed Soluble and Insoluble

Current Scenario

(+)

(+)

90%+  Solvents / 
No Energy Recovery

(+)
SOLVENTS

(Insoluble, Soluble)
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National Releases & Environmental Footprint

2006 TRI Releases
• 122 million pounds of 

spent solvents incinerated
off site in 2006

• 50% of the releases are 
soluble (50% solvent, 50% 
water), with methanol 
being the top solvent

• 50% of releases are 
insoluble, with 
dichloromethane being the 
top solvent

Environmental Impact of 
Off Site Incineration
• Energy: 90 trillion BTUs
• GHGs: 140,000 metric 

tons
• VOCs, SOx, NOx: 1.5 

million pounds
• Water: 4 million gallons
• No energy recovery
• Loss of materials
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SOLVENTS
(Insoluble)

ENERGY WATER
(-) (-)

75%
(+++)

Insoluble Soluble
POST-TREATMENT 

“WASTE”

3rd Party Sale

Insoluble
Solvent 

Soluble 
Solvent

Green Scenario

(-)

25%

(-)

SOLVENTS
(Soluble)

Energy 
Recovery

SOLVENTS
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Heat
Exchange

Solvent Recovery / 
Reclamation
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Greening Use of Solvents

Insoluble (Dichloromethane)
• High-risk carcinogen: Find 

alternatives
• Isolate and recover (75%) in 

closed systems

Insoluble (e.g., Toluene)
• Isolate and recover solvent 

(75%)
• Incinerate / energy recovery
• DO NOT send to wastewater 

treatment*

Soluble (Methanol)
• Substitute with non-hazardous 

alternative
• Take advantage of water as heat 

sink: use in heat exchange
• Limit releases with leak 

detection and repair 
• DO NOT incinerate
• Avoid / minimize sending to 

wastewater treatment*
• Recover solvent for resale     

(3rd party markets)

* Primary energy use in wastewater treatment is for moving 
chemical and aeration

IPAC-RS 2008 
Conference

Reclaimed Solvents  
99% Purity

75%

On site
Incineration

Solvent
Recovery /  

Reclamation

Off site
Incineration

Newly 
Generated 

RCRA Waste

25%

$ RCRA
Tank

90 day storage

Costs
• RCRA Permit

• Onsite Facility

Lower $ 
Costs / 
Energy 
Recovery

The new RCRA Rule and Insoluble Solvents

Any Tank
1 year 

storage

Any Tank

30K

Current RCRA Rules
New RCRA Rules

Same Under New and Old RCRA Rules

Legend

$ RCRA
Tank
350K

Recover / 
Isolate

Insoluble 
Solvent

Energy Recovery / Use as Fuel 
still RCRA under new rule
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Recover / 
Isolate
Soluble 
Solvent

The New RCRA Rule and Soluble Solvents

Heat Exchange

Heat transfer

Off Site

Sell to 3rd Party

Potential Uses (Legitimate Recycling)
Electronics / Semiconductor1

Electroplating/Rubber/Varnish2

Machinery Manufacturing and Repair3

Fuels / Biodiesel RCRA
Tank

90 day 
No Permit

On Site
Use 1: Heat transfer 
(secondary coolant)

Use 2: Recovery for own use

All legitimate recycling activities 
permissible under new rule/old rule

Energy Recovery / Use as Fuel 
still RCRA under new rule

IPAC-RS 2008 
Conference

Eco-Industrial Park: Kalundborg, Denmark**

• Material and energy flows (e.g., solvents, acids, water, 
energy) are used in a wide variety of sectors.  

• Design industrial networks to foster byproduct synergy.
• Kalundborg example: Pharmaceutical manufacturer

exchanging flows of energy and mass with:
-- Oil refinery
-- Sulfuric acid plant 
-- Coal burning power plant
-- Fish farm 
-- Gypsum board manufacturer

* Excerpt from GE textbook, Chapter 14, pg 468.  Allen/Shonnard, 2001
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Industrial Clusters –
Puerto Rico Manufacturers Association (PRMA)

• Interrelated group of companies that either compete or work together, including: 
-- Supply chain participants -- Incubators
-- Research centers on related technologies -- Design units
-- Core manufacturing companies -- Services 
-- Learning centers -- Administrative units 
--Warehouses -- Distribution systems

• Criteria which the products of the clusters must comply:
-- High technological content
-- High added value
-- Relatively small size 
-- Immediate or short- time consumption 

IPAC-RS 2008 
Conference

November AIChE Meeting – GE Topical Conference

GE and Sustainability in Pharmaceutical Industry - Government Programs and Partnerships

ONE: Introduction to Green Engineering (GE), Nhan Nguyen
* GE Stewardship Initiative Challenge

Water
GHG Solvents

Buy-ins / Starting Materials 2
>99% purity

Intermediates >99% purity
Feedstocks Active Pharmacuetical Ingredient (API)
(Category)

Solvents 
(chemistry) THREE: Resource Conservation 

1 Challenge (RCC) & Waste Minimization
of Priority Chemicals - Region 3

Aqueous Maryann Helferty, Sharon Perez-Suarez
Energy: Power Organic *  RCC & Greenwork$ Program Overview 
Heat & Cooling Waste

3 (fractions) 4 FOUR: DOC/NIST/MEP, Chicago
TWO: Green Chemistry & Manufacturing Center (CMC), Abbott
Metric Measurements/Tools              Reprocess/Reuse Carroll Thomas / Libby Allen / Ed Delara
Engler / Constable / Austin Reprocess / * NIST MEP & CMC Program Overview
* GCI / Ideal sets of Solvents Resell * By product synergy and 3rd party
* SF TOOLS   markets for recovered solvents
* GSK / NCSU Models

FIVE: Revisions to Definition of Solid
Waste/ Puerto Rico's Solvent Recovery

Recap :GE Stewardship Initiative Challenge Metrics Carlos Ramos (R2), Jim O'Leary (OSW), 
Nhan Nguyen & Sharon Austin Ramon Marrero, Pfizer / PRMA

* New RCRA rule's removal of limitations
in recovering / reusing solvent waste

REACT:
Reactor  
Mixing

Mass Transfer

Separate:
Dehydration
Crystallizaton

Distillation
Washing

INPUTS

OUTPUTS


