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Region  E.geum (G- (person- a)") E, . (GJ-(person- a)") E s Epetvoteun
World 28 6 20%

China 17 5 30%

United 134 14 10%

States

Epetroleum is the heating value of the consumed, refined petroleum products [1];
Ewaste is the heating value of the organic, paper, and plastic components of

urban waste [2,3].
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Feedstock Source

Production (EJ-a™)

Typical site capacity (GJ-d™")

Dry waste Municipal solid waste
Wet waste Manure

Gaseous waste Stranded gas
Petroleum Wells

20° 12-120°
100° 12-920°

420-9200°
220 900 000°

* Calculated from production rates collated by the World Bank [2] and heating values estimated in Ref. [3].

® Calculated from estimates of production rates by pigs [8], dairy cows [9], and beef cows [8], and heating values estimated in Ref. [10].

¢ World Bank’s estimate of flaring [11] and a heating value for natural gas of 37 MJ_m_3 [12].

¢ Site capacities are typical for the United States [5].

©150000 barrels per day (bpd) is the average capacity the world’s oil refineries calculated from data provided in Ref. [7]; the heating value of 1 bbl (1 bbl

=158.9873 L) of oil is 6.1 GJ, 127 kg.
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R3 RS R R BOR S

Challenge or technical need

Example of needed research

Implications for the enterprise

Separation processes and controls to facilitate

conversion processes solids and suspensions

Catalytic conversions with high efficiency, rates,

and selectivity under near-ambient conditions
water

Separation processes that facilitate product

valorization

Recovery and cleanup of process water, with high

energy efficiency

Process integration and technology for remote or,

better, autonomous sensing and control

process

Research on low-temperature catalysis and chain
reactions in condensed reaction media, particularly in

Membrane science for separation of water from both
polar and nonpolar organics

Remote online sensing of process conditions; plant
models that faithfully represent the stages and overall

Remote online quantification of types and flow rates of Manual attended operation will greatly increase

operating costs

High-temperature operation will diminish both
the energy and carbon efficiencies

Thermodynamics of and transport in complex mixtures Low-purity products will likely not offer the

needed economics

Discharges must be environmentally benign and
safe

Development costs and schedule would be hurt
unless these can be addressed in parallel.
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Parameter Range Source
Reactor length (cm) 5-25 Measured
Reactor width (cm) 2-15 Measured
Void fraction 0.8 Measured
Accessible area (m”) 10 Measured
Liquid flow rate (cm’-min ") 1-60 Measured
Substrate concentration, C (mol-L™) 0.3 Measured
Kinematic viscosity (Pa-s) 11.5%x10° [29]
Diffusion coefficient/m’ s 7.1x107"° [30]

Re 5-100 Calculated
Sc 1400 Calculated
Le 2.5-8 Calculated
Sh 100-150 [28]

Mass transfer coefficient, k,, (m-s ') 2x10°-5x10° Calculated
Reaction rate, k,,-C (mmol-s™") 6-15 Calculated

sk

E5. fHZ PG (Rhodamine G) Yukhisiid /N xR BEAT FTAAL o SUEB WHUR DN (Re<< 10D, {HJZ /K2R (M Gk in) _EAT BE R4
SPIHFRAR AT IEARG ARG — A28 (RIPIEE, i dE— MR .
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