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Sustainability by Reduced Energy Consumption: Ingredients Selection and 

Manufacturing Processes for Oil-in-Water Emulsions

Introduction

Endeavours to reduce carbon footprint often involve swapping synthetic ingredients for 

natural alternatives, yet comparative studies are lacking. Energy consumption is often 

researched in isolation to raw materials and information within this domain remains 

scattered. Energy input in emulsion manufacture comprises of 95% thermal and 5% 

mechanical energy. Reductions in energy consumption are usually made by substituting 

hot processes for cold. Gaps in the literature relate to sustainability from an operational 

perspective, i.e. how to make the change to sustainable manufacturing. 

This project compares the use of thermal energy in forming oil-in-water (O/W) emulsions 

through three different manufacturing processes: hot, hot-cold and cold. The aim was to 

quantify the energy consumption and carbon footprint of two types of O/W emulsions at a 

manufacturing scale of 500kg.  One was made with standard synthetic ingredients and 

another with very similar physiochemical characteristics made with COSMOS-approved 

natural alternatives; both were produced using three manufacturing processes.

Results and Discussion

Materials and Methods

Conclusion

Following similarities between emulsions, a comparative study on their respective 

cradle-to-gate carbon footprint was performed. Quantitative figures show very little 

impact of synthetic and natural ingredients on the overall emulsion carbon footprint. 

Manufacturing procedures continue to have the largest impact on the carbon footprint. A 

26% CO2e reduction from hot to hot-cold process, and a 28% CO2e reduction from hot 

to cold process was achieved. Hot-cold emulsion manufacturing seems to be an 

acceptable compromise, reducing thermal energy consumption by 82% and 

reducing carbon footprint by 26%, whilst maintaining emulsion characteristics. 

This project has shown that emulsion manufacturing with reduced energy consumption 

is achievable. The next steps would be practically implementing these techniques at the 

manufacturing scale.

Figure 1. Emulsion samples

▪ Six O/W emulsions were tested (Figure 1). 

▪ Hot-cold process involved heating oil phase only.

▪ ‘Scale-down’ calculations were performed beforehand, to 

coordinate laboratory and manufacturing conditions for a 

typical 500 kg vessel

▪ 500 g batches were prepared at 6600 rpm for 2 minutes and 

20 seconds using L5M homogeniser (Silverson, UK)
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Table 1. Standard & natural hot, hot-cold and cold process formulations

Figure 2. Methods

Equation 1. ‘Scale-down’ calculations

Scale-down calculations calculated the shear rate of the manufacturing homogeniser to find 

the rpm that the laboratory homogeniser needs to be used at, to achieve this same shear 

rate. The comparison between specific energy input of both laboratory and manufacturing 

homogenisers is used to determine the laboratory homogenisation time.

Thermal energy consumption can be reduced through varying manufacturing 

processes, and to quantify this between the hot and hot-cold processed 

emulsions, Equation 2 was used for 30% oil phase and 70% water phase 

for a 500kg emulsion.
Equation 2. Thermal 

energy calculations

A Life Cycle Assessment (LCA) was 

implemented to determine overall 

Carbon dioxide equivalent (CO2e) 

values, assessing environmental 

impacts of O/W emulsions from 

cradle-to-gate. CO2e figures from 

Ecoinvent 3.8 used the Global 

Warming Potential of 100 years.
Figure 3. Life Cycle Assessment Method
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The purpose of scaling down is to ensure repeatable and successful large-scale production 

of emulsions with the same characteristics as laboratory produced. The concept of scale-

down calculations can be applied to any vessel following an understanding of the 

capabilities of the manufacturing vessel. Calculations relative to manufacturing vessel 

EKATO UNIMIX S JET 500 and laboratory homogeniser SILVERSON L5M obtained a 

laboratory homogenisation speed and time:

6,600 rpm 2 minutes 20 seconds
Stable formulations were achieved, Freeze/thaw test displayed no observable changes.

DSC results found melting ranges were lower for 

standard oil phase compared to natural oil phase. 

Understanding this prevents overheating and using 

more thermal energy than necessary when melting 

the oil phases. Crystallisation temperature indicates 

the suitability of an oil phase for hot-cold processing. 

Standard oil phase crystallises at lower temperatures, 

therefore would readily disperse when manufacturing 

an emulsion with hot-cold process. In natural oil 

phase, the higher crystallisation temperature 

increases the risk of oil solidification during hot-cold 

processing at a laboratory scale.
Figure 4. DSC Graphs

Figure 6. Shear rate sweep curves, oscillatory stress sweep curves and texture analysis curves  for standard and 

natural hot, hot-cold and cold process emulsions

Sufficiently similar emulsions were achieved as illustrated by rheological characterisation 

and texture analysis results. The main difference is natural cold formulation due the 

bentonite within this emulsion.
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Figure 4. Thermal energy consumption results

An 82% thermal energy 

reduction is possible when 

swapping from hot to hot-

cold process in emulsion 

manufacturing. For cold 

process, 100% reduction is 

achieved, but it needs 

considerable reformulation.

Cooling requirements are 

reduced by the same 

amount, which brings a 

further benefit of significant 

reduction in processing time.

Table 2. Life cycle assessment results

The overall impact of the manufacturing process present a 26% CO2e reduction 

from hot to hot-cold, and a 28% CO2e reduction from hot to cold. However, the 

cold process presents considerable formulation and stability challenges. LCA has 

shown very small differences in the overall carbon footprint between synthetic 

and natural ingredients.

The authors wish to thank London College of Fashion for supporting this study, as 

well as Judi Beerling for formulation advice. A special thanks to Neal’s Yard 

Remedies for the practical contributions towards this report with the use of facilities, 

raw materials and sharing manufacturing parameters.

Stability 
Testing

8 Weeks

4°C, 20°C, 40°C

Measuring 
viscosity, pH & 
organoleptic 
properties

Freeze/ Thaw

Differential 
Scanning 

Calorimetry (DSC)

DSC 3 (Mettler-
Toledo, Germany)

Thermal analysis 
of standard & 

natural oil phases

Measuring 
melting & 

crystallisation

-30°C to 92°C

Heating rate of 2 
and 5°Cmin-1

Rheological 
Characterisation

HAAKE Mars iQAir
Rheometer 

(Thermo Fisher 
Scientific, UK)

Shear rate sweep 
with return curve

Oscillatory stress 
sweep

Spindle C35/2o 

1mm gap

shear rate range 
0.1-100s-1, shear 

rate sweep 60 sec

shear stress 1-500 
Pa, standard 

frequency 1Hz

Texture Analysis

TA.XT Plus Texture 
Analyser (Stable 
Micro Systems, 

UK)

Immersion/ 
Deimmersion test

Force 5.5g

Test speed 1.5 mms-1

Distance 15mm

Radius cylinder 
probe P/0.5
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