Evaluating the potential of glasshouse CO? enrichment to
mitigate heating emissions in protected crops

About the author:

At the time of writing, | am employed as Lead Glasshouse Strawberry Grower for The
Summer Berry Company in West Sussex. Over the course of my career | have seen
CO? become regarded as a ‘controversial’ input, due to its widely acknowledged
performance-enhancing effects on crops but also its high cost, potential environmental
effects and seemingly intangible nature within a crop. This study has allowed me to
analyse high quality literature and become better informed about the nature of CO?
generation, use and dynamics within protected cropping. Furthermore, by analysing
data from my own glasshouse operation, | have gained valuable insights and feel | will
now be able to manage CO? enrichment in a manner which is more efficient, both
environmentally and agronomically.

- Jed Knaggs
Executive summary:

e Accounting for 66% of heating-related emissions from agriculture, heating
sources and subsequent emissions within protected cropping will be an
important part of the industry’s overall goal for reaching net-zero emissions.

e Many UK glasshouse growers capture and utilise the CO? resulting from the
heating process, in order to enrich the aerial environment of their crops, leading
to well documented increases in crop performance.

e However, it is not clear if this potential utilisation and uptake of CO? as a by-
product of heating can be factored into a grower’s carbon footprint. Therefore,
this essay aims to review the potential for CO? enrichment to mitigate
glasshouse heating emissions or even act as a form of carbon capture and
utilisation.

e By applying findings from the literature review combined with a year’s worth of
hourly glasshouse climate data, provided by The Summer Berry Company UK,
CO? uptake was calculated as 12.58% of the total dosed.

e Whilst a small proportion of the total dosage, when scaled up this represents
19.77 tonnes/ha and could therefore be treated as a significant reduction to a
grower’s heating emissions and overall carbon footprint. Furthermore, crops
with higher biomass and often lower rates of ventilation could show vastly
improved uptake and therefore greater potential for mitigating heating
emissions from protected horticulture.



Background and introduction:

As an essential component of photosynthesis, plants rely on carbon dioxide (CO?) to
facilitate optimum growth and photosynthetic rate, leading many growers of protected
crops to ‘enrich’ the atmosphere within their facilities with CO? often up tothree times
the ambient concentration (Adams, 2012). The effects of such enrichment are well
documented in commercially important glasshouse crops, with yield increases
reported at up to 62% in strawberries (Bushway et al 2002), 20-30% Iin tomatoes
(Resh, 2013) and 24.7% in lettuce (Singh et al, 2020).

However, whilst valuable as an input within cropping systems, CO? in recent years
surpassed 400ppm in the atmosphere, causing anthropogenic climate change,
environmental stochasticity and endangering both biodiversity and human food
supplies (Jones, 2017). Whilst efforts must be made to curb emissions of such
atmospheric pollutants, this alone is not enough and focus must also be made on
removing and storing carbon dioxide from the atmosphere, of which 2,000 gigatons
have been added since the industrial revolution (Mulligan et al, 2020). In response to
such an evident threat, the UK’s farming industry has set a target of achieving net-
zero emissions by 2040 (NFU, 2019), ten years earlier than the UK’s Governments
legally binding target for all industries (Garvey et al, 2021).

The UK protected cropping sector has been identified as an area of improvement in
terms of emissions. Especially so with regards to heating, as protected cropping
accounts for 66% of all heating-based energy demand across all sectors of UK
agriculture (Warwick HRI, 2007). Whilst the overall environmental footprint of the
horticultural sector remains small in comparison to other agricultural sectors, efforts
have been made to regulate such emissions with policies such as the governmental
Climate Change Levy (Lillywhite et al, 2007). However, despite the emissions
occurred in heating protected crops, this CO? is often utilised as a by-product by
growers to form CO? enrichment. This is achieved using CO? as a by-product of
various heating sources such as combined heat and power (CHP) units and
conventional boilers, although often with the addition of commercially sourced liquefied
pure CO? gas (Dodd et al, 2018). Furthermore, renewable sources of heating are also
growing in interest with biomass also being able to provide more environmentally
efficient heating as well as a source of CO? enrichment (Oreggioni et al, 2019).

However, despite the utilisation of CO? as a by-product of heating, little work has been
done to assess the significance of uptake associated with glasshouse crops and the
potential for this figure to be deducted from a grower’s carbon footprint. Therefore, this
essay aims to review the most relevant research regarding CO? uptake by glasshouse
crops and apply the findings to a real-life cropping scenario. This will then discuss
whether CO? uptake can mitigate emissions from heating protected crops or even act
as a form carbon utilisation, both of which would contribute to the industry’s overall
aims of achieving net-zero.



Literature review:

Current industry CO? demand and usage

An overview of the current CO? demand for the UK glasshouse industry has been
analysed by Alberici et al (2017) on behalf of Imperial College London. This shows
current demand for CO? to be approximately 60 ktCO?/year for all sources, not
distinguishing between commercially sourced CO2 and gases resulting from flue
emissions. This cites tomatoes, cucumbers and aubergines as particularly capable
crops with regards to utilising CO?, with glasshouse tomato operations being typically
enriched with dosage of up to 200kg/ha/hour. However, as CO? for enrichment can be
created on-site or commercially procured, it is possible that, depending on the source,
externally supplied CO? could even act as a form of carbon capture and utilisation
(CCu).

Carbon capture and utilization:

Carbon capture and utilization represents a significant opportunity for what Marchi et
al (2018) describe as industrial symbiosis, a mutually beneficial relationship between
energy-intensive industrial processes and glasshouse/protected horticulture. Here the
authors give an extensive analysis of the agronomic and commercial possibilities that
could result from the coupling of large-scale glasshouse growing systems with
industrial manufacturing, by comparing tomato, cucumber and strawberry crops grown
and concluding potential economic benefits between 0.68 — 1.6 M€/year for a 10
hectare site. Here such economic returns were maximised in cucumber growing,
followed by tomatoes and then strawberries, citing the generally lower yield returns
resulting from CO? enrichment of strawberries in comparison to the other two
aforementioned crops. Furthermore, here it is also cited that not only does CO?
enrichment boost crop performance in terms of yields and economic returns, European
protected horticulture alone could save 22 million tonnes of CO? annually as a result
of enrichment. However, such assertions simplify the dynamic of CO? enrichment and
the ultimate net benefits in terms of total carbon capture depend on a more complex
interaction between plants, CO? uptake and glasshouse management.

Dynamics of CO? within protected cropping structures

As a crucial technique in managing glasshouse temperature and humidity, it is likely
that growers will choose to ventilate their structures therefore incurring losses of
inputted CO? and creating complexity in identifying how much carbon is utilised via
crop uptake, versus how much may be leaked to the outside atmosphere. It is with this
in mind that Effat et al (2015) have claimed that ‘ventilated greenhouses cannot be
considered in carbon capture and utilization.” Mathematical modelling suggested crops
within ventilated glasshouses (with an unstated degree of ventilation) will uptake CO?
up to 52 times less than in an entirely closed structure. In this study, which used
tomatoes and cucumbers as representative crops, it was found that tomato plants
have the greatest potential for uptake of the glasshouse crops studied, with an uptake
of up to 140g/m?/day, compared to 120g/m2/day for cucumbers. Furthermore, this
performance is heavily influenced by the plant structure and foliar density. An increase
in Leaf Area Index (LAI) in cucumbers from LAI 1 to LAI 3 increased uptake from
approximately 50g/m?/day to the maximum recorded during the study of 120g/m?/day.
However, whilst larger foliar areas would increase uptake, they would also lead to a
greater relative humidity due to the increased area of transpiration, therefore



significant increases in volume of CO? needed would be likely due to the greater
uptake and increased likelihood of ventilation being necessary to maintain an optimum
climate. Overall, it seems overly-simplistic to dismiss ventilated growing systems as
incapable of CCU. After all, if there was indeed no capture and utilization from the
plants, there would be no agronomic benefit and therefore it is unlikely growers would
use such economically costly practices if ineffective. Therefore, a system to calculate
actual usage based on constantly changing ventilation and glasshouse management
practices is needed.

One such system has been created by Van den Berg et al (1999) on behalf of
Wageningen University, Netherlands. Here, researchers have created a formulaic
process to establish the ventilation loss of CO? in a glasshouse environment. The
equation used can be summarised as such:

CO? Ventilation loss = Ventilation rate x Average greenhouse height x CO? difference
x 0.0018

Here ‘CO? difference’ is the difference between outside and inside CO? concentrations
and ventilation rate = 0.09 x wind speed (m/s) x (the ventilation percentage opening +
leakage). Furthermore, leakage is an estimated figure between 0.3 and 2 depending
on age of the glasshouse. This system offers a more precise way of calculating
ventilation losses in comparison to previous research which rules out the possible
carbon utilisation from vented glasshouses and could therefore be used to calculate
carbon uptake by the subtracting the amount of CO? lost from the total CO? input.

Discussion:

Case study: Glasshouse cropping

As the literature cited above suggests, it is clear that there is a varying level of uptakes
by crop depending on not only individual crop physiology but the growing environment
and climatic factors. Using Van den Berg et al’s (1999) system, it is possible to deduce
how much CO? is lost due to ventilation and air exchange within the glasshouse
environment. Once calculated, this figure of losses could be deducted from the total
input figure, with the remaining sum presumably being utilised by the crop. The
following data has been provided by The Summer Berry Company UK (with
permission) and gives an example of such a calculation using an example of a
commercial 2.6 hectare strawberry-growing glasshouse, for the entire 2020 year,
covering two crops (Spring and Autumn). Using the full data set of growing conditions
downloaded from the Priva climate computer (Priva, The Netherlands) (a sample of
which is displayed in appendix 1), hourly climate data for 2020 has been analysed.
The results of which are displayed in Table 1, on the following page.



Ventilation loss Dosage
g/m? T/ha g/m? t/ha
January 38.67 0.39 1178.83 11.79
February 147.51 1.48 924.97 9.25
March 2270.07 22.70 2665.43 26.65
April 4856.33 48.56 3051.42 30.51
May 2174.86 21.75 1349.61 13.50
June 0.00 0.00 0.00 0.00
July 0.00 0.00 0.00 0.00
August 631.21 6.31 804.76 8.05
September 2071.28 20.71 1675.33 16.75
October 1267.73 12.68 2270.44 22.70
November 286.83 2.87 1733.88 17.34
December 2.37 0.02 69.71 0.70
Total: 13746.86 | 137.47 15724.38 | 157.24

Table 1: Ventilation losses and dosage rates for a UK glasshouse strawberry crop

This was calculated using in an East-West orientated glasshouse, of approximately
3.55M height, with an estimated rate of leakage of 0.8 (an estimation based on age
highlighted in Van den Berg et al's (1999) research) and assumed an outside CO?
concentration of 400ppm as suggested by Jones (2017).

From this data it seems total dosage for 2020 totals 15724.38g/m? compared to a vent
loss of 13746.86/m? during dosage. This difference of 1,977.52/m? therefore can
represent uptake by the crop. This data, which compares ventilation losses only during
CO? dosage to avoid respiration/background losses or influences, shows ventilation
losses of 87.42% leaving 12.58% of CO? as potentially utilised by the crop. This
therefore reinforces hypotheses previously mentioned which suggest ventilated
glasshouses are not efficient methods of carbon capture and utilization. On the other
hand however, this proportionately small 12.58% uptake when scaled up shows that
a substantial amount is still taken up by the crop. For example, on a per-hectare basis
this represents an uptake of 19.77 tonnes, totalling 51.4 tonnes being sequestered by
the crop during the entire year in this particular example.

However, it does seem that there are anomalies within this data set, particularly in
April, May and September where the dosage is less than the calculated ventilation
losses. However, due to the nature of the calculation there are some ventilation losses
occurring without dosage. For example, in June and July, when there was zero CO?
dosage, there were still ventilation losses of 1,573.95g/m? indicating there could be
some background rate (such as plant respiration and pre-existing concentration
differences) causing additional losses. Furthermore, there are additional climatic
factors that should potentially be included when calculating CO? ventilation loss which
are not currently accounted for within this formula. For example the width of the vents
themselves, the wind direction and glasshouse orientation amongst other factors
should also be considered during this calculation. In addition to these abiotic factors,
previously mentioned physiological differences within cropping such as leaf area and
overall biomass will also affect uptake and therefore the potential validity of this
calculation.



Nonetheless, if we replace the anomalies in April, May and September with a 95%
ventilation loss to assume/estimate a reasonable ‘worst case scenario’, inputted CO?
uptake can be viewed as follows throughout the year:
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Figure 1: Potential uptake by crop (g/m?)
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Figure 2: % Potential uptake by crop

This shows CO? uptake to be greater in typically cooler months when it is likely that a
lower ventilation rate is needed to cool the crop. This could indicate that a crops



potential to effectively uptake carbon could be both seasonal and weather-dependent
due to the effect of venting. This is illustrated in Figure 2, displaying the inevitable
positive correlation between ventilation rates and ventilation losses, largely incurred
due to the need to cool the glasshouse.

Ventilation | Ventilation

rate loss

% T/ha
January 0.4 0.39
February 0.3 1.48
March 3.5 22.70
April 21.7 48.56
May 11.2 21.75
June 0.0 0.00
July 0.0 0.00
August 6.8 6.31
September 17.4 20.71
October 5.8 12.68
November 1.9 2.87
December 0.0 0.02

Table 2: Ventilation rate (%) and loss (T/ha)

Nonetheless, the data displayed in Table 1 shows that there is potential for some,
albeit proportionally small, CO? uptake even from heavily ventilated crops, previously
described as incapable of contributing significant carbon capture. However, this figure
for CO? uptake could be dramatically improved in crops with a physiological advantage
(due to larger biomass) as well as less ventilated growing conditions, such as
tomatoes and cucumbers. In the literature review above, Effat et al (2015) suggested
that uptake in a closed environment can increase by 52-fold in comparison with
ventilated crops and therefore this finding combined with the data above shows a vast
potential for carbon capture from other commercial glasshouse crops. Furthermore,
this same study recorded glasshouse cucumber and tomato crops achieving an uptake
of 120 to 140g/m?/day, suggesting a potential uptake of 1.2-1.4t/ha/day respectively.
Such a large figure shows the potential scale of previously unacknowledged uptake
and under such conditions could even enable effective carbon capture and utilisation.

Therefore, it is recommended the calculation of ventilation loss proposed by Van den
Berg et al (1999) be developed in conjunction with similar climate data from
commercially significant glasshouse crops to identify a potentially large and previously
unacknowledged amount of carbon utilization.

Using this data

With regards to using this calculation, if refined in order to achieve an acceptable level
of accuracy, this figure from uptake could be deducted from a grower’s total carbon
footprint, subsequently contributing towards the industry’s aims of achieving net-zero.

However, it is also necessary to distinguish between the type of dosage in relation to
its source. If the CO? being dosed is a result of using a heating system, then it is likely
that the uptake of this CO? could be deducted from the overall emissions from heating.
On the other hand, commercially sourced CO?, if resulting from industrial processes,



would be more eligible to be considered carbon capture and utilisation as it does not
result from a grower’s actions and instead is reducing emissions of other industrial
activities. Whilst using such CO? does fit into CCU framework proposed by Marchi et
al (2018), any externally sourced gases would also need to be examined for their
upstream emissions facilitating this supply, such as storage and transportation prior to
dosage as well as any other emissions incurred during the dosage process. However,
due to the proportionally low rate of CO? uptake it is clear any carbon capture would
only be partial in the cropping scenario given and therefore may not be considered as
an efficient form of carbon capture.

However, as Figure 2 suggests, the percentage of uptake is maximised during cooler
months. This is significant in relation to the CO? source as it is likely these cooler
months will see more intensive use of heating facilities and therefore a greater
proportion of CO? dosed in these periods is likely to arise from this heating. Therefore,
commercially sourced CO? is likely to be used when heating demand is less intense,
typically at times of lower uptake efficiency, in hotter conditions, when ventilation rate
is likely to be higher. This will subsequently reduce the likelihood of effective CCU,
unless crop CO? demand exceeds that of what is available due to heating.

Overall, it is hoped that these findings will not be used as a low-effort method for
growers to lower their carbon footprint or dis-incentivise organisations from investing
in more renewable heating sources. Rather, by refining a method for accurately
calculating ventilation losses and crop uptake, it would be possible for growers to be
able to manipulate the glasshouse environment so as to maximise possible uptake
and reduce ventilation losses, therefore increasing the proportion of CO? gases which
are then utilised by the crop rather than being lost as heating emissions. For example,
Table 3 shows recalculated data for ventilation losses displayed in Table 1, with
various reductions in ventilation rates and subsequently lower ventilation losses.

Decrease to average ventilation rate
No decrease 10% 20% 50% Dosage
g/m? T/ha g/m? T/ha g/m? T/ha g/m? T/ha | g/m? t/ha
January 38.7 0.4 34.8 0.3 30.9 0.3 19.3 0.2 1178.8 11.8
February 147.5 15 132.8 13 118.0 1.2 73.8 0.7 925.0 9.2
March 2270.1 22.7 2043.1 204 1816.1 18.2 1135.0 11.4 2665.4 26.7
April 4856.3 48.6 4370.7 43.7 3885.1 38.9 2428.2 24.3 3051.4 30.5
May 2174.9 21.7 1957.4 19.6 1739.9 17.4 1087.4 10.9 1349.6 13.5
June 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
July 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
August 631.2 6.3 568.1 5.7 505.0 5.0 315.6 3.2 804.8 8.0
September 2071.3 20.7 1864.2 18.6 1657.0 16.6 1035.6 10.4 1675.3 16.8
October 1267.7 12.7 1141.0 11.4 1014.2 10.1 633.9 6.3 2270.4 22.7
November 286.8 2.9 258.1 2.6 229.5 2.3 143.4 1.4 1733.9 17.3
December 2.4 0.0 2.1 0.0 1.9 0.0 1.2 0.0 69.7 0.7
Total: 13746.9 137.5 12372.2 123.7 10997.5 110.0 6873.4 68.7 15724.4 157.2

Table 3: Uptake simulation under different ventilation rates




Here, fairly gradual and realistic decreases to the ventilation rate of 10% and 20%
have been simulated as well as a reduction of 50% which may be unrealistic within
this case study but more applicable in higher temperature crops. This shows a 10%
reduction in venting led to a reduction in ventilation losses of 14.5T/ha (10.54%) and
a 27.5t/ha reduction at 20% lower ventilation rate (20%). This linear relationship
between ventilation rate and losses could therefore allow growers to enhance CO?
uptake through a more cautious approach to venting based on less ventilation if
possible or reduced dosing during periods of high ventilation. If such calculations were
developed and made available to growers in an accessible and accurate manner, it
would enable a cost-effective and additional method of reducing emissions and
therefore contribute to the industry’s overall goal of net-zero emissions.

Conclusion

With the UK’s ambitious plans to achieve net-zero emissions from all agricultural
sectors, horticulture must play its part in curbing and - where possible — removing CO?
from the atmosphere. The most notable emissions from this sector occur within
protected cropping, with the majority being associated with heating.

Protected crop growers in the UK and elsewhere often utilise CO? emissions from
heating their structures to provide CO? enrichment with well documented increases to
agronomic and commercial performance. However, the amount which could be utilised
by the crop, and therefore deducted from the overall carbon footprint of the grower is
rarely considered.

Academic studies into carbon uptake of various glasshouse crops conclude that whilst
there is significant uptake from crops, up to 140g/m?/day in some cases, there are also
significant losses from ventilation. Whilst this has led to ventilated structures being
condemned as unsuitable for carbon capture by some researchers, other research
into quantifying ventilation losses suggest there is some potential for uptake even in
heavily ventilated environments. Analysis using calculations of ventilation losses
combined with hourly climate and dosage data from a glasshouse strawberry
operation in West Sussex, England, show that even ventilated crops can have a
significant uptake. Here it was found that a modest 12.58% of dosed CO?, whilst
proportionately small, equates to almost 20 tonnes/ha of CO? uptake when scaled up.

Itis therefore hypothesised that this figure could be deducted from the grower’s carbon
footprint/heating emissions. Whilst CO? being dosed and used as a result of heating
could be recorded as a deduction to the overall heating emissions, it is possible that
externally sourced CO? could be utilised as a form of carbon capture and utilisation.
However, it is acknowledged that the rate of uptake versus dosage would have to be
greatly improved to represent full carbon ‘capture.” Nonetheless, it seems possible that
guantifying a crops CO? uptake from enrichment could contribute to the industry’s goal
of achieving net-zero.
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Appendix 1:

Below is a sample of two days of data collection used to calculate ventilation losses
displayed in Table 1 and throughout.

Meas CO2 |CO2 dosage tolmeas lee |Wind spe¢meas win{meas radi|Av Vent |Av. Vent Av vent minus x% Vent rate |CO2diff [Ventloss during dosage (g/m2

ppm kg CO2/ha/hr (% m/s m/s W/mA?2 |% whilst dosing 10, 20 50 Regular [10% dec. |20% dec. [50% dec.
05/01/2020 00:00 548.21 0 0 0.00 0 0 0 0 0 0 0f 148.21 0 0 0 0
05/01/2020 01:00 535.36 0 0 0.88 0 0 0 0 0 0 0 135.36 0 0 0 0
05/01/2020 02:00 547.52 0| 0 0.87 0| 0 [8) 0| [8) 0 0| 147.52 0 0| [8) 0
05/01/2020 03:00 570.45 0| 0 0.44 0| 0 [8) 0| [8) 0 0| 170.45 0 0| [8) 0
05/01/2020 04:00 558.34 0| [0) 0.08 0| [0) 0 0| [8) 0 0| 158.34 0 0| [8) 0
05/01/2020 05:00 563 0| [0) 0.71 0.21 [0) [8) 0| 0 0 o) 163 0 0| [0) 0
05/01/2020 06:00 558.66 0| 0 2.80 0.55 0 0 0| [8) 0 0| 158.66 0 0| 0 0
05/01/2020 07:00 583.06 0 0 0.81 0 0 0 0 0 0 0 183.06 0 0 0 0
05/01/2020 08:00 593 0| 0 0.41 0| 0.73 0 0| 0 0 0| 193 0 0| 0 0
05/01/2020 09:00 517.76 88.04 0 0.90! 0.66 9.72 0 0| [8) 0 0| 117.76 0 0| [8) 0
05/01/2020 10:00 499.88 78 3 1.59 1.04 52.17 1.5 1.5 1.35 1.2 0.75 99.88| 0.109666 0.0987| 0.087733| 0.054833
05/01/2020 11:00 462.39 133.18 7 1.27 1.33 85.66 3.5 3.5 3.15 2.8 1.75 62.39| 0.127691| 0.114922| 0.102153| 0.063846
05/01/2020 12:00 434.36 178.84, 7 2.65 1.54 78.36 3.5 3.5 3.15 2.8 1.75 34.36| 0.146678| 0.13201| 0.117342| 0.073339
05/01/2020 13:00 422.35 229.81 7 3.25 1.53 69.39 3.5 3.5 3.15 2.8 1.75 22.35| 0.117003| 0.105302| 0.093602| 0.058501
05/01/2020 14:00 433.64 212.88 5 1.53 0.74] 50.68| 2.5 2.5 2.25 2 1.25 33.64| 0.059239| 0.053315| 0.047391| 0.029619
05/01/2020 15:00 428.83 174.92 3.77 1.36 0.28 28.77 1.885 1.885 1.6965 1.508 0.9425 28.83| 0.034029| 0.030626| 0.027223| 0.017014
05/01/2020 16:00 443.68 75 1.64 0.37 0| 5 0.82! 0.82 0.738 0.656 0.41 43.68| 0.006114( 0.005502( 0.004891| 0.003057
05/01/2020 17:00 466.52 0| [0) 0.57 0| 0 0 0| [8) 0 0| 66.52 0 0| [8) 0
05/01/2020 18:00 476.07 0| 9.52 0.42 0| [0) 4.76 0| 4.284 3.808 2.38 76.07] 0 0| [0) 0
05/01/2020 19:00 440.8 0| 12 0.00! 0| [0) 6 0| 5.4 4.8 3 40.8 0 0| 0 0
05/01/2020 20:00 447.07 0| 21 2.37 1.94 0 10.5 0| 9.45 8.4 5.25 47.07 0 [0) [0) 0
05/01/2020 21:00 414.54 0 21 2.29 2.66 0 10.5 0 9.45 8.4 5.25 14.54 0 0 0 0
05/01/2020 22:00 441.93 0| 20 2.71 3.6 [8) 10 0| 9 8 5 41.93 0 0| [8) 0
05/01/2020 23:00 428.19 0| 12 3.08 2.22 [0) 6 0| 5.4 4.8 3 28.19] 0 0| [8) 0
06/01/2020 00:00 434.3 0| 9 1.18 3.37 0 4.5 0| 4.05 3.6 2.25 34.3 0 0| [8) 0
06/01/2020 01:00 445.85 0| 0.93 2.72 2.19 [0) 0.465 0| 0.4185 0.372 0.2325 45.85 0 0| [8) 0
06/01/2020 02:00 440.13 0| 0 3.93 3.92 [0) 0 0| [8) 0 0| 40.13 0 [0) 0 0
06/01/2020 03:00 455.8 0 0 2.32, 2.77 0 0 0 0 0 0 55.8 0 0 0 0
06/01/2020 04:00 460.07 0| 0 1.87 1.76 [8) [8) 0| [8) 0 0| 60.07] 0 0| [8) 0
06/01/2020 05:00 462.8 0| 0 2.85 3.02 0 [8) 0| [8) 0 0| 62.8 0 0| 0 0
06/01/2020 06:00 478.8 0| 0 3.21 2.87 0 0 0| [8) 0 0| 78.8 0 0| [8) 0
06/01/2020 07:00 492.51 0| [0) 3.29 2.53 0 0 0| 0 0 0| 92.51 0 0| [0) 0
06/01/2020 08:00 499.31 0| [0) 2.42 1.58 [0) 0 0| 0 0 0| 99.31 0 0| 0 0
06/01/2020 09:00 506.67 159 0 3.90 3.98 23.67 0 0| 0 0 o) 106.67 0 [0) 0 0
06/01/2020 10:00 527.38 92.94] 0 4.26 3.67 62.82 0 0 0 0 0| 127.38 0 0 0 0
06/01/2020 11:00 460.23 152.97 4.39 3.71 4.16 71.84 2.195 2.195 1.9755 1.756 1.0975 60.23| 0.225721| 0.203149| 0.180577| 0.11286
06/01/2020 12:00 428.15 156 6 3.51 2.9 54.31 3 3 2.7 2.4 1.5 28.15| 0.136416| 0.122774| 0.109132| 0.068208
06/01/2020 13:00 429.9 204.68 6 3.04 3.35 66.58 3 3 2.7 2.4 1.5 29.9 0.1255| 0.11295 0.1004| 0.06275
06/01/2020 14:00 418.36 214 4.09 3.88 4.51 77.23 2.045 2.045 1.8405 1.636 1.0225 18.36| 0.067041| 0.060337| 0.053633| 0.033521
06/01/2020 15:00 411.36 176.44, 2.2 2.27 2.41 3.48 1.1 1.1 0.99 0.88 0.55 11.36| 0.013056| 0.011751| 0.010445| 0.006528
06/01/2020 16:00 439.52 75 1 2.85 5.58 3.97 0.5 0.5 0.45 0.4 0.25 39.52| 0.025919| 0.023327| 0.020735| 0.012959
06/01/2020 17:00 453.53 0| 0 4.02 3.81 [8) 0 0| [8) 0 0| 53.53 0 0| [8) 0
06/01/2020 18:00 450.2 0| 6.04/ 2.10 4.25 [8) 3.02 0| 2.718] 2.416 1.51 50.2 0 0| [8) 0
06/01/2020 19:00 424.95 0| 29 3.08 2.01 0 14.5 0| 13.05 11.6 7.25 24.95 0 0| [8) 0
06/01/2020 20:00 430.22 0| 0 1.51 0.95 0 0 0| [8) 0 0| 30.22 0 0| [8) 0
06/01/2020 21:00 442.57 0| [0) 0.39 0| [0) 0 0| [8) 0 0| 42.57 0 0| [8) 0
06/01/2020 22:00 458.69 0| 0 1.75 0| [0) 0 [0) 0 0 o) 58.69] 0 [0) 0 0
06/01/2020 23:00 467.42 0 0 1.93 0.24 0 0 0 0 0 0 67.42 0 0 0 0

Note, due to the vast amount of climate data analysed, totalling over 8,700 rows of
data, a full data set has not been uploaded with this essay.




