
Maximising the 
performance and 
efficiency of  
energy crops  
begins at the clamp



As part of our overall ensiling and clamp protection strategy for improving feedstock quality,  
Kelvin Cave Ltd recommend the use of the following products:

FEEDSTOCK MANAGEMENT SOLUTIONS

Safesil Pro
A special blend of food-grade preservatives that eradicates all the major spoilage organisms. Proven to be 
supremely effective across a wide range of dry matters and crops.

SilaPactor 
Available in a range of widths from 2.1 metres to 4 metres, a SilaPactor can speed up the compaction process, 
saving both time and fuel, and can increase dry matter compaction density by up to 40% when compared to 
conventional tractor rolling. 

ClampNet
A 300g/m2, heavy-duty green silage cover with seamed, stitched edges to prevent fraying or unravelling. 
ClampNet offers added protection from attack by birds and vermin and also helps to maintain compaction.

KlampClips
Made from stainless, spring steel, KlampClips are like an extra pair of hands when lining clamp walls with side 
sheets. Available in two sizes (100-150mm clamp wall width x 700mm long, and 200-300mm clamp wall width x 
1000mm long), both are available in packs of 25.

Side Sheets
Heavy-duty, 150μm, clear plastic side sheets supplied in 50-metre rolls and convenient widths of 4, 5 and 6 metres.

O2 Barrier 2in1
Applied as a single sheet which transforms into two on the clamp; O2 Barrier 2in1 comprises a protective, high-
quality top layer covering a layer of very oxygen impermeable, polyamide vacuum film. It provides quick and 
effective clamp sealing with reduced workload, and up to a tenfold decrease in oxygen permeability.

ClampTiles
Made from 90 per cent recycled material with a life expectancy of around 15 years ClampTiles are ergonomically 
designed for ease of handling. Unlike tyres, they don’t harbour rainwater and debris, and when not in use can be 
stacked on pallets.

ClampTiles ClampNet KlampClips & Side Sheets
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Established in 1982, Kelvin Cave Ltd is recognised as a market leader in forage and cereal preservation within the livestock 
sector. We source innovative, scientifically-proven products from around the world which, together with sound advice on all 
aspects of ensiling practice, combine to minimise energy and nutrient losses, and optimise profit, from home-grown feeds. Some 
of these innovations, such as the award-winning Silapactor and our range of innovative clamp management products, are 
already used on successful AD plants around the UK. Others, such as Safesil Pro, our patented blend of silage preservatives, 
have proved their worth on livestock farms across the UK and Europe.

Dry matter (DM) and energy losses from ensiled feeds occur throughout the silage process, from the time of harvest to the point 
of feeding to the digester. These losses are largely unseen and frequently accepted as unavoidable, but have been independently 
assessed to average 25% of total DM harvested on UK livestock farms, an annual loss of £170,000,000 (Wilkinson & Davies 
2013). Since the same ensiling process is used for AD feedstocks, the biogas potential will be similarly compromised. Our 
package of silage treatment, clamp management products and practical advice can reduce these losses to less than 10%.

Our science-based approach led us to commission independent research by Dr J Huntington, at Harper Adams University, and  
Dr Dave Davies, of Silage Solutions Ltd, to evaluate biogas production from forage maize ensiled untreated, treated with  
Safesil Pro or with a biological inoculant that is widely used on AD plants across Europe. The results of the trial are summarised 
later in this booklet, and the full report is available on request.

Lower tariffs for newer plants, restrictions on percentage inclusion of agricultural feedstocks and variability in cost/value of 
standing crop (as highlighted in the 2018 drought) mean that optimising methane production per hectare will become increasingly 
important to overall efficiency and profitability and will also benefit the environment.

To find out how we can help you to a more profitable biogas future, please read on or contact us on 01458 252281 or email 
info@kelvincave.com

Introduction
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Dr Dave Davies (pictured) is an independent silage researcher/consultant with over 25 years’ 
experience, both in lab-based silage trials and on farm, advising silage-makers on best practice.  He 
routinely visits farms to assess silage problems, audit silage quality and measure losses (both visible 
and invisible).  

The UK has more than 600 AD plants, with over 200 utilising forage as a significant part of their feedstock 
requirement.  This equates to over six million tonnes of fresh matter of preserved forages in the UK annually.

The processes used to preserve and feed-out these preserved forages can have a major impact on both 
the total dry matter and energy lost between field and feeding auger.  Many of these are avoidable if the 
producers follow some simple and well-established rules.  These losses are a high financial cost to the 
industry and make a negative impact on the environment.  I conducted a survey recently of one silage clamp 
on an AD plant in England and estimated a loss in excess of £48k.

‘Unbelievable,’ I hear you all say, and ‘how is that possible?’

Many silage producers believe, mistakenly, that the forage they deliver to the silage clamp at harvest remains 
in its entirety until it is fed out, irrespective of the treatments they ‘throw’ at it during filling, storage and 
feed-out. This is because the ‘pile’ looks as big at the end as it did at the start, and if it has shrunk a little 
that’s because of settling, not the reduction in dry matter quantity.  

Unfortunately, this is not the case. There is a theory in ruminant nutrition, known as the hotel theory, which 
states that the volume of feed remains the same even when a significant proportion of the nutrients have 
been degraded. This is because the structure of the plant material (the lignified cell walls) remains more or 
less intact.  The same concept could be applied to ensiled forage.

In the presence of oxygen, nutrients present in forage are being converted to carbon dioxide and water.  

Oxygen is trapped during filling, percolates into the silo during storage and enters the clamp freely during 
feed-out.  In addition, not managing the microflora involved in the preservation process correctly, results  
in the fermentation of sugars and lactic acid to end products such as acetic and butyric acid, propylene 
glycol (aka propane diol) and ethanol. These transformations invariably result in the production of CO2  
and water.

These dry matter (DM) losses produce silage of lower biogas potential because a proportion of the readily 
available energy fractions of the organic matter have been converted into CO2 and water.  The CO2 
vanishes never to be seen again; the water remains in the silo, making the %DM content of the silage lower 
than the %DM content of the freshly harvested crop (thus silage is wetter than the pre-ensiled forage).

If we consider our forage as a whole, we can divide the fresh crop into water and dry matter.  We can then 
divide the dry matter into ash and organic matter, as indicated in Figure 1 (opposite).

Dry matter losses occur as a result of the conversion of organic matter (OM) into water and CO2, the 
assessable result being silage with a lower %DM and higher ash content.  The higher ash content arises 
because the silage OM has been lost, causing a relative increase in the % ash content of the silage.

Measuring the concentration of ash at various points across an open silage clamp-face enables the 
determination of DM losses, relative to the central core section of the silo, to be made.

Aerobic spoilage at feed-out, the process where silage becomes hot, is another major DM and energy loss. 
This process is carried out predominantly by yeasts and moulds which convert both sugar and lactic acid, 
ultimately, into carbon dioxide and water, and generate heat as a bi-product of this process.  Considering 
that the biggest component of fresh silage is water, and that silage that is aerobically spoiling is heating, by 
monitoring temperature changes in the silo it is again possible to approximate energy losses.  The basis of 
this methodology comes from the knowledge that it takes 1 kilocalorie to heat 1kg of water by 1oC. 
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Figure 1. Silage Basic Components

Fresh Matter (FM) - Fresh Silage - Everything

Dry Matter (DM) Water

Organic Matter (OM)Ash

CO2

Fermentation Losses
Aerobic Spoilage Losses

Silage Ash - What is it a measure of?

Therefore, by measuring the silage density at different points in a silage clamp, and the relative ash and 
temperatures, an estimate of losses of energy and dry matter can be made.  These are estimates but are at 
the lower end of what is likely as the assessment process is in general an underestimate.  For example, 
there is an assumption that the heat conversion by yeasts is 100% efficient, and we know it is nowhere 
near this.

Having conducted silage research and assessments for 25 years, I still find the same main management 
factors are evident as the causes of the high dry matter losses.  The main ones being:

• Poor compaction at filling, resulting in low silage density and large volumes of trapped oxygen in   
   the silo at the initiation of storage.

• Poor sealing, resulting in low but persistent ingress of air into the silage clamp from the time of  
   filling until the silage reaches the feeding auger.

• Slow and inappropriate feed-out management allowing ingress of air considerable distances back  
   from the silo face.

All three bullet points above are interrelated.  If poor compaction occurs, then bullet points 2 and 3 are 
exacerbated as the free movement of oxygen into the clamp can happen to a greater degree.

Following on from these three bullet points is the icing on the cake, and that is the silage additive used. 

Many people are sold inappropriate silage additives that are either not efficacious or do not resolve the 
problems caused by poor silage management.   If the silage management cannot be improved to control 
aerobic spoilage, then currently the only approach to improve aerobic feed-out stability that does not 
compromise silage energy and DM losses, is one that has chemical components that can control yeasts 
and mould growth.

The targets are:

1. Density in excess of 700kg fresh matter/m3 or 220kg dry matter/m3.

2. Rapid and correct sealing (given bullet point 1 above), including side sheets overlapping sufficiently  
    with the top sheet. Top sheet to include oxygen barrier cling films.

3. Gravel bags touching all the way around the peripheral region of the clamp, including side and  
    back walls, ramp, and along the bottom of the ramp.

4. Sufficient top pressure, either by correctly using the top mesh cover or by silage mats.

5. Rapid and correct removal of silage from the clamp-face, maintaining a clean and flat surface,  
    and ideally moving across the clamp-face in under five days in cold weather, and three days in  
    warm weather.
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Developed in conjunction with SLU, Swedish University of Agricultural Sciences, 
Safesil Pro uses only human food-grade preservatives that are proven to be 
effective in preventing losses from bacteria, yeasts, fungi and moulds.

Ideal for grass, maize, wholecrop and legume silages, Safesil Pro can be used on clamped, bagged and 
baled forage to produce a clean fermentation, resulting in silage that is stable and rich in nutrients.

Widely trialled throughout mainland Europe and in the UK, Safesil Pro has been tried, tested and approved 
by British farmers on all types of silage including grass, maize, wholecrop/arable, clover and lucerne.

Aerobic Stability
Aerobic instability can significantly reduce  
available energy.  

Preventing this is a vital aspect of producing 
high quality forage - Safesil Pro has the ability to 
maintain stability over very prolonged periods.

Temperature
Increased temperature is one of the first signs of 
aerobic instability. An increase in temperature is 
caused mainly by yeasts and moulds consuming 
valuable nutrients in the silage.

Safesil Pro offers 
a proven approach 
to protecting your 
valuable feedstock

You can increase your profits from silage treated with 
Safesil Pro because:

It protects silage effectively against heating 
that results from yeast and mould activity.

It destroys unwanted, nutrient wasting 
bacteria such as clostridia and 
enterobacteria, providing a clean environment 
for lactic acid bacteria to achieve a rapid 
reduction of silage pH, and eliminating the 
risk of butyric acid production which lowers 
the available energy from forage.

Safesil Pro is flexible and has been 
comprehensively tested for all types of 
silages (maize, legumes, wholecrop and 
grass) with dry matter (DM) contents from 15 
to 50%, a range of application rates and in 
different storage  systems, including clamps, 
bags, bales and silos.

Safesil Pro is safe because it contains  only 
human food-grade preservatives so it will not 
irritate the skin or corrode machinery. 

•

In most cases these will grow in the presence of 
oxygen so good compaction and covering the silage 
securely is essential. Kelvin Cave Ltd recommend 
the use of a SilaPactor* to increase the degree 
of compaction in the clamp, and O2 Barrier 2in1* 
primary silage sheets to exclude air from the clamp 
which, when used in conjunction with Safesil Pro, 
will provide excellent stability from the top to the 
bottom of the clamp face during feed-out.

Energy Value
During the fermentation process the nutritional  
value of the feed can be affected not only by growth 
from undesirable bacteria, but also by the balance  
between lactic acid (LA) and water soluble 
carbohydrates (WSC). Lactic acid bacteria consume 
WSC when producing lactic acid.

For a successful fermentation enough LA to lower 
the pH of the silage is required, without consuming 
too much WSC. If LA levels are above 10% and 
too much sugar is consumed the palatability of the 
silage will be reduced. Although LA and WSC provide 
important nutritional value to the silage they can both 
be used by undesirable microbes as a substrate. 
Safesil Pro helps to control the fermentation process 
to retain as much energy value as possible.

•

•

•

*Details of these products are contained elsewhere within this brochure
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Putting Safesil Pro to the test
Safesil Pro is designed for use on higher DM silages.

Grass, grass/clover and lucerne silage above 28% 
DM; wholecrop/arable silages and maize silage up to 
50% DM.

Independent tests in the UK show how  
Safesil Pro can help produce better silage reliably 
and consistently.

Growth of yeasts and moulds normally occurs in the 
presence of oxygen due to insufficient compaction 
and/or leaking storage facilities. Safesil Pro will 
inhibit the growth of yeasts and moulds on your 
silage, but good ensiling practice is also essential 
for best results.

One of the first signs of unstable silage is a rise 
in temperature. Safesil Pro will give your silage 
excellent aerobic stability at all DM levels between 
15-50%.

Grass silage DM 
approx. 30%
Measured as  
hours to +3°C 
temperature 
increase

Inoculant - lactic 
acid bacteria

Control -  
no additive

Test results - Temperature

Safesil Pro

30% DM          No heating > 260 hrs

Inoculant

30% DM                             60.30 hrs

Control

30% DM                            102.70 hrs

Grass silage DM 
approx. 30%

Inoculant - 
lactic acid 
bacteria

Control -  
no additive

Test results - Yeasts and moulds

Safesil Pro

                                         282 cfu*/g

Inoculant

                                   213,796 cfu*/g

Control

                            19,498,446 cfu*/g
*colony forming units

Time to heat hours (Wholecrop wheat approx 43% DM)

Safesil Pro 3ltr/t

Inoculant +
Potassium sorbate

Inoculant

Untreated

0 50 100 150 200 250 300

Time to heat hours Dr. D. Davies IBERS unpublished data 2010

248.36

33.81

15.48

58.17
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Background:
The process of ensiling forage for ruminant livestock has been commonplace for many years in the 
UK and around the world. Many scientific trials have been conducted looking at the benefits of 
different biological and chemical treatments and their effects on forage quality and livestock 
performance. However, very little has been done to study the specific effects of these treatments 
on forages destined for biogas production.

Previous trial work (Ververen and Willems 2010) showed that treatment with a biological inoculant widely 
used in AD feedstock production across Europe improved aerobic stability of ensiled maize and increased 
the biogas produced per unit of ODM (organic dry matter) entering the digester. The type of fermentation 
produced by this type of treatment (known as hetero-fermentative) is, however, responsible for increased 
DM (dry matter) losses because the production of acetic acid, which aids stability, also produces CO2, 
water and alcohols (Muck, 1999; Driehuis et al., 1999a; Ranjit & Kung, 2000). The theory behind such 
treatments is that production of acetic acid in the clamp, as opposed to during the acetogenesis stage of 
the AD process, is beneficial.

Safesil Pro, a chemical preservative, has been widely documented to improve aerobic stability in the 
clamp by reducing the activity of yeasts and moulds (Davies et al 2010). It also destroys unwanted bacteria, 
allowing the naturally occurring (epiphytic) lactic acid bacteria to reduce the pH more rapidly. This reduces 
the quantity of undesirable fermentation products such as ethanol, butanediol, acetic acid, butyric acid 
and CO2 produced (Knický & Spörndly 2009) leading to a reduction in DM loss and more retained energy 
per hectare harvested.

The objective of this trial was to compare these two treatments to an untreated control to ascertain 
whether either treatment gave a financial return in terms of bio-methane produced per hectare of maize 
harvested. In order to replicate on-site conditions, maize silage that had been exposed to air (described as 
‘aerobically spoiled’) for three days was used because, once opened, a clamp is continually aerobic and 
subject to bio-chemical change. 

Trial overview:  
Freshly-harvested wholecrop maize with a chop length of approximately 20mm was collected direct from 
the forage harvester. 

Triplicate aliquots of maize were ensiled untreated, a biological inoculant-treated and Safesil Pro-treated in 
20kg mini-silos by Dr Dave Davies in accordance with the trial protocol. After ensiling for 70 days, dry 
matter loss calculations were completed and samples of freshly opened silage and silage after three days 
exposure to air (aerobically spoiled) were frozen in 100g packs and transferred to Harper Adams University 
for gas yield and quality evaluation.

The gas evaluation trial was divided into two parts. Part one evaluated methane production kinetics while 
part two was a continuously-fed trial to simulate, more closely, an operational AD plant.

Effect of treatment on biogas yield in continuously-fed trial:
AD culture pH reflects the removal of available H+ ions as methane. Safesil Pro-treated maize resulted in a 
higher mean culture pH in AD cultures fed continuously for ~160 days.  It should be noted that Safesil Pro 
silage also had the lowest pH value, significantly lower than control (P<0.001) and numerically lower than the 
biological inoculant treatment, but resulted in a higher culture pH when fed, suggesting that the acid-loading 
to microbial culture was less important than the resulting fermentation of the chemical components added.

Total biogas (methane (CH4) and carbon dioxide (CO2)) yield (m3/tDM) was not found to be affected by 
treatment. However, the proportion (%) of carbon dioxide in the biogas was found to be reduced by the 
Safesil Pro silage additive (P<0.001), resulting in an increased methane:carbon dioxide (CH4:CO2) ratio 
(P=0.006). These results suggest that, although the biological inoculant treatment resulted in a higher gross 
energy-value (GE) silage, GE availability to the microbial population of the AD culture was reduced, or less 
efficiently used, for the production of methane. 

Results from the fermentation kinetics study concurred with those from the continuously-fed experiment.  
Safesil Pro-treated maize was found to produce the most gas.  Both silage additives were found to 
marginally increase the rate of gas production in comparison to the untreated silage, but rate of 
fermentation was the same for both additive types.

Summary of Harper Adams University/Silage Solutions Ltd trial to evaluate  
the effects of maize silage treatments on biomethane production.
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Aerobic deterioration of the silages reduced the mean biogas production from the continuous fed cultures 
for both the control and the biological inoculant-treated maize.  Safesil Pro-treated maize was not found to 
have reduced biogas production following aerobic spoilage, which is concurrent with the reduced chemical 
composition deterioration together with increased WSC (water soluble carbohydrate) content following 
spoilage, observed for this treatment. 

Conclusions:
• Treating maize with a silage additive reduces aerobic spoilage  
• Treating maize with Safesil Pro improves CH4:CO2 ratio 
• Safesil Pro-treated maize maintains biogas production after three days of aerobic deterioration 
• Carbon dioxide production, as a proportion of biogas, is reduced following Safesil Pro treatment of maize 

In practical terms, the improvement in biogas yield, based on a 39.5t/ha maize crop harvested at 32% DM, 
when Safesil Pro treatment is used, equates to an additional gas yield of up to 760m3/ha due to improved 
DM retention and digester fermentation dynamics.

The trial protocol and the final report are available on request.

What is this worth to your business?
Often, the results of scientific trials are not easy to translate to tangible benefit for your particular situation, 
to show what really matters – the effect the investment would make to your bottom line.

In this case, aside from the direct return on investment per hectare due to increased gas production, other 
benefits (such as reduced land rent and growing and harvesting charges) all play a significant part in 
overall profitability.

For this reason, we have developed an innovative online calculator.

This useful tool allows you to input many variables, such as land rent, growing and contracting costs,  
plant efficiency, tariffs and treatment costs for your CHP or gas to grid plants, to show the potential 
financial benefit of investing in Safesil Pro treatment.

To use the calculator, please visit www.kelvincave.com/AD-feedstock-calculator

Finally, don’t forget the further benefits to the environment and local community. Fewer vehicle movements, 
reduced fuel use and cost, together with reduced chemical use, will all contribute to a smaller carbon 
footprint, to produce the same volume of biogas for your business. 

AD-specific inoculant
8485.74m3 biogas per ha* Untreated

8847.03m3 biogas per ha* Safesil Pro
9246.36m3 biogas per ha*

Summary of trial results showing yield of biogas in m3/ha based on 3-day air-exposed maize
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Increased compaction makes better use of  
available clamp space and reduces DM loss 

             Muck, Holmes 2001

Tonnes FW
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0

Kg DM/m3

Clamp Capacity 27m x 12m x 3m = 972m3

160 192 224 256 288 320 160

DM loss %

25

20

15

10

5

0

Kg DM/m3

DM losses as affected by compaction density

192 224 256 288 320

Increasing density from 224kg DM/m3 to 288kg DM/m3 = in-
crease in forage value retained and “space” value saved of 45%

 
                                                                                                                             J Conway 2008

Better compaction 
means better 
quality silage

Many AD plants in the UK have already benefited from using our award winning Silapactor to 
improve clamp density and therefore reduce losses caused by yeast and mould activity in the 
presence of air.

➧Up to 40% more 
compaction

than tractor tyres

The Silapactor also reduces the clamp space required to store a given 
volume of feedstock - this can reduce initial capital expenditure on clamp 
capacity or reduce the reliance on off-site storage and the problems 
associated with moving or re-clamping silage which often increases waste.

The Silapactor increases compaction by up to 40%

It allows rolling right to the edges without damaging the side sheets

It reduces fuel usage and saves time and tractor hours.
 
Increased compaction also makes the face easier to maintain with a shear grab 
or rotary facer at feedout and reduces heating and losses due to air ingress. 
 
The standard Silapactor is 3m allowing for easy road transport and weighs 
approx. 4 tonnes, with a larger 4m, 6 tonne machine also available.

•

•
•

•

•

•



O2 Barrier 2in1 is a revolution in clamp sealing for all ensiled forages. 

Thanks to an innovative combination of polyethylene silage film and polyamide vacuum film that is laid 
as one sheet, O2 Barrier 2in1 provides a 6- to 10-times better oxygen barrier when compared with 
conventional polyethylene silage sheets, giving greater protection to valuable ensiled crops. 

When used as recommended, O2 Barrier 2in1 will help to create anaerobic conditions faster, and maintain 
them for longer, than conventional silage sheets. This ensures a better fermentation and can eliminate top 
and shoulder waste on the clamp.

O2 Barrier 2in1 is lighter and more flexible than conventional silage films, and is the only top sheet 
required, so the time and effort required to seal a clamp really effectively is significantly reduced.

} 100µm

Silage Film

Vacuum Film

PE Silage Film (green/black): 80µm thick
PA Vacuum Film (transparent): 20µm thick

The composition of O2 Barrier 2in1
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O2 Barrier 2in1 (oxygen permeability: <30 cm3.m2.d-1 at 0.2 bar partial pressure)

Common silage fi lm 150µm + vacuum/ClampFilm 40µm (oxygen permeability: ~150 cm3.m2.d-1 at 0.2 bar partial pressure)

Common silage fi lm 150µm (oxygen permeability: ~180 cm3.m2.d-1 at 0.2 bar partial pressure)

Common silage fi lm 100µm (oxygen permeability: ~300 cm3.m2.d-1 at 0.2 bar partial pressure)

The graph (left) shows how 
O2 Barrier 2in1 significantly 
reduces the cumulative 
oxygen permeation per 
m2 over 12 months when 
compared to other common 
types of silage film.

BETTER FOR THE ENVIRONMENT
With raw material savings of around 40%, lower 
disposal costs and a carbon footprint better than 
conventional silage films, O2 Barrier 2in1 is kinder to 
the environment too!

O2 Barrier 2in1
makes protecting 
valuable feedstock
crops even easier

Almost as soon as the clamp has been covered and 
the fermentation process has begun, moisture from 
the silage is absorbed through the water vapour 
permeable vacuum film and condenses on the silage 
film. The two films begin to separate.

As this occurs, the vacuum film is sucked down onto 
the silage surface creating a tight seal that eliminates 
air pockets that would otherwise provide the perfect 
environment for aerobic spoilage organisms to grow.

The silage film meanwhile, affords overall protection 
in the conventional manner, offering excellent 
durability and puncture resistance.

Here’s how O2 Barrier 2in1 achieves a perfect seal on the clamp
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Kelvin Cave Ltd
Roe Deer Farm   Drayton   Langport   Somerset   TA10 0LP

t: 01458 252 281
e: info@kelvincave.com
kelvincave.com

Kelvin Cave Ltd operate a policy of continuous product improvement and innovation. Details are correct at the time of 
going to press but may be subject to change over time. If in any doubt please contact your Kelvin Cave representative.
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