
The Energy Evolution and the Transition to a Low Carbon Future for Distilling  
 

Tim Dumenil, Pale Blue Dot Energy June 2017 Page 1 of 9 
 

The Energy Evolution and the Transition to a Low Carbon Future for Distilling 

This paper (and corresponding poster) was originally written for the Worldwide Distilled Spirits Conference (WDSC) held in Glasgow from 29th May to 1st June 2017. WDSC is a 

world leading conference dedicated to distilled spirits. More information: www.wdsc2017.org 

Driven by a complex mix of market dynamics and climate change 

regulations the energy sector both in the UK and globally is evolving 

rapidly. A low carbon transition is well underway involving a move away 

from the unabated combustion of fossil fuels to a future involving an 

energy mix underpinned by nuclear and renewables. The UK’s Climate 

Change Act 2008 stipulates a duty to avoid dangerous climate change by 

ensuring the net UK carbon account by 2050 is at least 80% lower than a 

1990 baseline. The Scotch Whisky Association and several distilling 

companies have also adopted the same 2050 80% target within their 

environmental strategies. In effect this target implies that within two 

generations the direct combustion of fossil fuels without carbon abatement 

will not be possible. The implications for Distilling of the current Energy 

Evolution and the Transition to a Low Carbon Future are briefly reviewed 

before an overview of Pale Blue Dot Energy’s GreenStills Technology is 

provided, an innovation which aims to improve the energy efficiency of 

distillation by 30% and improve the ability for a distillery to couple 

renewable energies with the distillation process. 

Firstly, some context with respect to the Energy Trilemma and Low Carbon 

Transition. The UK Climate Change Act has legally set an 80% carbon 

reduction target for the UK. A similar aspiration has been adopted by 

nations across the world through the UN and the COP21 Meeting which 

led to the Paris Agreement being signed in December 2016. The collective 

aim is to limit an increase in global temperature to below 2oC. Scotland 

and the Scotch Whisky Association also equivalent aspirations against 

which good progress is being made. The Scottish Government annually 

publishes progress against their 2020 and 2050 Carbon Reduction 

Aspirations: 

• 100% Renewable Electricity by 2020 (2016 actual is 53.8%) 

• 11% Renewable Heat by 2020. 80% by 2050 (2015 actual is 

5.3%)  

Bring the subsurface geology and well models together to consider and 

model CO2 leakage flow scenarios from the injected CO2 inventory to 

The Scotch Whisky Association aspiration is to mitigate greenhouse gas 

emissions and increase energy efficiency such that by 2020, 20% (2015 

actual is 17%) of primary energy requirements derived from non-fossil fuel 

sources, rising to 80% by 2050. In all cases, the direction of travel will 

require 80% of known fossil fuel reserves to either remain in the ground or 

have its associated carbon emissions captured and permanently stored.  

Is an implication that all Scotland’s distilleries could be powered by 

biomass and renewable electricity by 2050? Possibly but probably not as 

covered briefly later. For now, the energy strategy for a distiller needs to 

consider some fundamental questions: 

1. Carbon versus Supply & Price? How can 80% carbon reduction 

aspirations be met whilst ensuring security of energy supply for a 

24x7 operation at an affordable price. 

2. Electricity certainty and Fuel (Heat) uncertainty? Scotland, and 

other nations, are well on track to decarbonising their electricity 

supplies with certainty provided by several proven technologies. 

However, fuel for heating, transport etc. is still 95% based on fossil 

fuel with a high uncertainty about the ability of each nation to 

tackle the scale of emissions associated with fuel. 

http://www.wdsc2017.org/
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3. Distributed generation & grid, intermittency & storage? The 

energy supply of most industrialised nations is via national grid 

systems fed by large centralised sources of energy. The 

renewable revolution is seeing a rapid move towards decentralised 

generation which requires energy storage to manage both the 

intermittency of generation and balance energy demand against 

supply across the grid. 

4. Biomass sustainability x2 plus land requirement & use? If 

energy users switch from fossil fuel to biomass fuel how secure / 

sustainable will that source of biomass be? Although most 

renewable energy policy frameworks treat biomass as though it is 

carbon neutral as the point of combustion, this cannot be 

assumed, as biomass can emit more net carbon per unit of energy 

that some fossil fuels, (Brack et al, 2017). Another dilemma for 

biomass is the use of land for energy crops versus food and the 

volume of land required to meet demand. The UK’s Department of 

Energy and Climate Change’s (DECC) Chief Scientist argued that 

if 75% of the UK landmass were planted with bioenergy crops the 

energy produced would only meet 19% of the UK’s energy 

demand, (MacKay, 2008). 

Some further context on these four questions specific to the UK, Scotland 

and the Scottish Distilling sector to emphasis the size of task ahead 

associated with the uncertainty of decarbonising fuel.  

 

Figure 1 Scotland's total final energy consumption (Courtesy Scottish Government, 
Energy in Scotland 2015) 

Firstly, by 2035, DECC envisage fossil fuel, enabled by CCS, to only make 

up 20% of the UK’s power generation with 40% being supplied by nuclear 

and 40% by renewables, (DECC, 2014). Secondly, electricity only makes 

up 21% of Scotland’s total energy whilst the demand with fuel in the form 

of heat and transport makes up the remaining 55% and 24% respectively, 

Figure 1. Thirdly, typically the demand for electricity is stable across the 

year whilst the demand for heat is highly seasonal resulting is significant 

demand on fuel infrastructure during winter months, Figure 2. Finally, the 

winter heat peak is further exacerbated by two peaks within a daily heat 

demand profile, Figure 3. If the whole of the UK were to switch most of its 

energy demand to renewable electricity the electricity grid would require 

major investment to reinforce the network to cater for a threefold increase 

in load, intermittency of supply and the double impact of seasonal and 
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daily variations of heat demand. So, a 100% move to all energy being 

supplied to end users as green electricity is very unlikely.  

 

Figure 2 A typical UK Energy Demand Profile (Courtesy Energy Technology 
Institute, Strategy Insights Report 2015) 

 

Figure 3 An example winter peak heat demand profile (Courtesy Energy 
Technology Institute, Strategy Insights Report 2015) 

Typically, a distillery’s energy demand is split 20% electricity and 80% 

heat. In Scotland, the heat is predominantly fuelled by oil & gas. Roughly, 

the steam use in a distillery is split 10% for Mashing and 90% for 

Distillation. Thus, to meet the 2050 carbon aspirations both the energy 

usage of distillation needs to come down, alternative ways of alcohol 

separation may be required and certainly alternative primary energy will be 

required. What will the latter be? Bioenergy, geothermal, renewable 

electricity, hydrogen via electrolysis, nuclear (either centralised or site 

based small modular reactors) or hydrogen / syngas via conversion of 

fossil fuel into separate clean fuel and carbon dioxide streams with the 

latter permanently stored underground (CCS))? 

Natural gas is viewed as a fossil fuel bridge enabling the removal of coal 

from the energy mix as society finds ways to create a non-fossil fuel total 

energy mix by 2050. For Scotland, this will also be driven by further 
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depletion of North Sea resources and a higher dependence of imported 

gas. Over the past 45 years the UK has consumed 45 billion barrels of oil 

equivalent, bnboe, of North Sea oil and gas, (Kemp et al, 2014) and it is 

estimated that UK yield going forward will range between just 11-24 bnboe 

of oil and gas over the next 35 years. North Sea production is expected to 

go beyond 2060 but only at low levels, (Kemp et al, 2014). Thus, gas 

supply security and price volatility is expected. Old coal plants are nearing 

end of life with no plans to replace them. The UK has aging nuclear plants 

with replacement plans in England only, i.e. Hinkley Point C. The UK will 

see higher demand for gas for power for which emission reduction via 

CCS is essential to achieve <2oC. Gas the main fuel for heat in the UK is 

seen as the main fuel source to deliver carbon emissions reductions for 

heat and transport, particularly through the conversion of methane into 

hydrogen through steam methane reforming coupled with CCS. Where will 

the gas come from? Will this see a higher dependence on imports (the UK 

currently imports 60% of its requirement) or a fracking revolution as per 

the USA? Either way, gas is both a finite resource and an essential 

medium-term bridge towards a low carbon future.  

As shown in Figure 4, the future will see an evolution of both the Electric 

and Gas Grid systems driven by a move from large centralised supply 

sources and generation points to a more complex mix of decentralised 

generation of both electricity and gas. CCS on coal and gas will enable the 

continued use of fossil fuels. Central generation should be via combined 

heat and power units, including higher efficiency fuel cells, thereby 

ensuring heat is recovered and used and no longer dumped. The 

investment in decentralised generation from biomass and Energy from 

Waste plants will continue, ideally coupled with carbon capture. Further 

investment in pumped hydro storage will be supplemented with 

compressed air storage schemes and battery storage solutions, both large 

scale and domestic. The UK National Grid will form part of a European 

Supergrid that will utilise HVDC Interconnectors to balance electrical 

demand and supply across Europe and North Africa, i.e. the UK could be 

supplied by an abundance of Moroccan concentrated solar power and/or 

Scandinavian hydroelectric power during lulls in the UK’s renewable 

electricity generation. The use of Smart Grid technology will continue to 

influence the adjustment and balancing of electrical supply and demand.  
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Figure 4 The future UK electricity and gas grid systems (Courtesy Pale Blue Dot Energy, 2015) 
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For the Gas Grid, sources of methane will be supported by further uptake 

of distributed Biomethane to Grid plants. Similar Smart Grid technology 

and thinking will lead to demand adjustment and further variable hourly 

pricing on gas. The major evolution for the Gas Grid will see a move from 

methane to hydrogen. Whilst hydrogen will be generated by renewable 

electricity via electrolysis, the scale of demand is more likely to be met by 

the conversion of fossil fuel into hydrogen by steam methane reformation 

(SMR) coupled with CCS. Northern Gas Networks is aiming to convert the 

entire city of Leeds to hydrogen by 2025. The Energy Technology Institute 

is progressing hydrogen storage in the North of England to supplement the 

large energy storage potential that already exists in the Gas Grid. Thus, 

when the wind is strong and the sun shining, the gas inventory in the UK 

will increase via electrolysis. When there is no wind or sun then energy 

can flow back from storage into both the gas grid and subsequently the 

electricity grid via modular solutions that can switch on or off 

instantaneously. An example of just this is in South Korea where the 

Gyeonggi 59MW fuel cell system powers Hwasung City’s grid. 

So, an energy evolution in the UK requires a reduction in thermal 

emissions whilst “keeping the lights on” and managing the competing 

forces seeking low carbon solutions. This will require a transition in how 

existing key energy infrastructure is both integrated and used in 

conjunction with the development of significant energy storage capability, 

both electrical and fuel. Here are the key summary points for the Distilling 

Sector with respect to the transition to a low carbon future:  

• The distilling energy split is roughly 80% Heat and 20% Electricity. 

Most heat is currently supplied by fossil fuel. An 80% renewable 

energy target will in effect means no direct combustion of fossil 

fuel.  

• Bioenergy is a limited resource with question marks on its 

sustainability. 

• Distillers will be competing with other Transport and Heat users, 

particularly Domestic Heat.  

• The Scottish energy system will evolve from centralised fossil fuel 

and nuclear to decentralised renewables which requires solutions 

for intermittency and large-scale energy storage. 

• The electricity and gas grids will become more interlinked 

domestically and internationally. 

• CCS will be critical to decarbonising industry and power 

generation. 

• Hydrogen will become an important intermediary. 

• “Unburnable Carbon” and shale gas are the elephants in the room. 

For the world to limited global warming to below a 2oC increase a 

growing view is that 80% or more of proven fossil fuel reserves will 

need to remain in the ground, i.e. they cannot be burnt. Despite 

this the shale gas driven economic growth achieved in the USA is 

likely to be pursued by other nations. 

• Many distilleries are challenged by remote geography and will 

need to overcome grid reinforcement barriers particularly when 

considering all renewable electric solutions for 2050.   

Pale Blue Dot Energy have developed a Low Carbon Transition Model, 

Figure 5, to help large energy users develop a strategy and then deliver a 

plan for low carbon and energy cost saving for their organisation through 

an integrated approach. The approach involves the completion of a 

Carbon Map and Energy Map for the operation upon which a clear long-

term transition strategy is built with implementation plans for five key focus 

areas; the Strategic Culture necessary to underpin each of four continuous 

steps: 

1. Energy Minimisation through Efficiency,  

2. Energy Minimisation through Innovation,  

3. Carbon Swap – On Site (reduce fossil fuel carbon through onsite 

solutions), and  

4. Carbon Swap – Off Site (reduce fossil fuel carbon through offsite 

solutions).  
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Driving Steps 1 and 2 first through an engaged organisation reduces the 

size of task and thus cost impact of delivering Steps 3 and 4. When 

applying the Model to Distilling we first consider the afore mentioned 

energy split of 80% Heat:20% Electricity. As discussed earlier a low 

carbon transition for electricity should be easy with the high certainty of 

100% renewable electricity supply to sites. Thus, for electricity the focus 

should be on minimising demand through focusing on Steps 1 and 2. 

Solving the 80% Heat is much harder as the heat is all steam and will 

require significant focus across Strategic Culture and all four Steps. The 

heat energy requirement for a distillery is roughly split 25% Energy 

System : 8% Mashing : 67% Distilling. Currently more than 90% of 

Distilling energy produces coproduct and distilled water. The Scotch 

whisky average energy use was 6.3 kWh/lal (SWA, 2013) versus a 

theoretical minimum of 1.2 kWh/lal (Andresen, 2015) for a perfect, zero 

heat loss distillation process. This presents an 80% opportunity for 

minimisation via Steps 1 and 2. The remaining heat requirement will still 

require activity via Steps 3 and/or 4 to achieve 2050 Carbon targets. 

The Scotch Whisky Association has several useful tools available for the 

sector, i.e. Future Energy Opportunities Guide, Renewables Tool etc.  

For the Minimisation task, Pale Blue Dot’s GreenStills Technology aims to 

deliver a 30-40% energy reduction. GreenStills, a patent pending 

technology aims to reduce energy use in distillation by more than a third. 

The GreenStills technology contributes to the low carbon solution by 

enabling a step change in the efficiency of the distillation process. At the 

same time GreenStills enables a move away from steam and effective 

integration and storage of a range of renewable energy for heating thus 

creating a triple benefit of: 

• Reduced energy usage/cost,  

• Improved security of energy supply, and  

• Carbon reduction through energy minimisation and the use of 

renewables. 

Aspects of the technology are applicable beyond the distilling sector. 

Scottish Enterprise SMART Grant funding has been secured to deliver a 

Proof of Concept Trial with a Distiller in 2017. Further details can be 

provided under a Non-Disclosure Agreement. 

 

Figure 5 Low Carbon Transition model (Courtesy Pale Blue Dot Energy, 2015) 



The Energy Evolution and the Transition to a Low Carbon Future for Distilling  
 

Tim Dumenil, Pale Blue Dot Energy June 2017 Page 8 of 9 
 

Conclusion

1. The UN, Scotland and SWA carbon aspirations all aim to deliver 

an 80% carbon reduction.  

2. The Energy Trilemma: How do you achieving carbon reduction 

whilst maintaining continuity of energy supply at an acceptable 

cost.  

3. There is certainty about decarbonising electricity whilst the way 

forward on tackling both the carbon and scale of fuel requirements 

is uncertain.  

4. We are seeing an energy system evolution that moves away from 

the known centralised grid model to a distributed energy model 

built around flexible integrated energy national grids and local 

networks. 

5. Low Carbon Transition will require a combination of energy 

minimisation, the reduction / replacement of fossil fuels and the 

decarbonisation of electricity.  

6. The figure of 80% is prominent. 

The distilling sector needs a holistic transformational change, and soon. 33 

years is not a long time.  

80% 
…of fossil fuels are unburnable without CCS 

…carbon reduction targets for electricity and heat by 

2050 

…of energy is not used by industry. Distillers compete 

with other users 

…of energy in a distillery is heat with majority still 

supplied by fossil fuel 

…opportunity to reduce distillation energy versus a 

theoretical minimum 
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