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Abstract

The scope of the study was the average climate impact of tomato, cucumber, and lettuce produced in heated greenhouses.
The functional unit was one kilogramme of final product at the farm gate. Comparable data sets were used in the situation
in 2004 and 2017. Main finding was that changes in energy profiles, especially increasing contribution of renewable
energy instead of fossil ones, remarkably decreased climate impact of vegetables. The climate impact of greenhouse
tomatoes has declined by 61% since 2004. Respectively, the climate impact of greenhouse cucumber has declined by 49%
and for lettuce by 35%, since 2004. There is, however, still possible to continue the development to renewable energy,
which can be supported by the authorities by for example lowering energy taxes for renewable energy use.
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Introduction

According to previous studies, 19% of the climate impacts
associated with consumption comes from food production
and consumption in Finland [1]. In other western countries
different results have been reported: Nijdam, et al. [2] is
quite near, 23%, but a review article of Tukker and Jansen
[3] announce the share of food production varies between
3.6 and 31.0%. Significant reductions in climate impact can be
made through individual dietary choices [4-7] and a decrease
in food waste and loss [8-10]. There is great potential to de-
crease the climate impact of particular food supply chains.
Food production systems are developing continuously, which
means that their climate impact is also often reduced.

The climate impact of greenhouse vegetable products de-
pends e.g. on the season, the type of production system and
technologies, the climatic production area, the amount of
yield levels, and the energy production need and profiles [11-
16]. In the Mediterranean, vegetables production is largely
based on soil-based production, unheated tunnel or green-
house production. Previous studies show that this type of
greenhouse production has a lower climate impact compared
to more high-tech heated greenhouse production. There, the
production of greenhouse structures, auxiliary equipment,
and fertilisers are typically the main contributors to the cli-
mate impact of production [11,12,17], and for soil-based
production location-specific variables such as climate and soil
type are important [18].

In the heated greenhouse, such as in Finland, plants are
grown in a sheltered environment seasonally or year-round.
Main greenhouse vegetables grown in Finnish greenhouses
are tomatoes, cucumbers and lettuce. Finns eat around 12 ki-
los of tomatoes per capita every year, 59% of that is domestic
production. Correspondingly, Finns eat around 10 kilos of cu-
cumbers per capita per year, with 88% domestic production
rate [19]. Lettuce is eaten less. Finnish production is mainly
lettuce in pots. 95% of lettuce in pots consumption is pro-
duced in Finland. The production in Finland is taken place in
heated greenhouses. These use heating energy as well elec-
tricity for lighting and other automation. Lighting and heat-
ing is needed especially in year-round production, but also in
seasonal production. Heating energy is most commonly pro-
duced in heating plants connected to greenhouses, using dif-
ferent fuels. Production and technology is being developed in
different ways all the time, for example, LED lights are being
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used to replace high-pressure sodium (HPS) lights. This devel-
opment also potentially decreases climate impact of vegeta-
bles production and products [20].

Horticultural production solutions and greenhouse infra-
structure differ between cold and warm climates, and these
have an essential effect on the climate impact of vegetable
production and products. The main contribution of the cli-
mate impact of horticultural production is energy consump-
tion for heating and lighting in northern countries (the Nordic
countries and Central Europe) with a colder climate. Corre-
spondingly, greenhouse production in southern countries
with a warmer climate has lower energy requirements, where
direct energy use for production is rarely required [11,13,17].

In Central and Northern Europe and North America, cli-
mate impacts of vegetables produced in heated greenhous-
es are ranging from 1.6 to 10.1 kgCOz—ekv/kg [11,21-25]. The
results depend on whether seasonal cultivation or all-year
cultivation was taken place, used energy sources, and even
outside temperature. When renewable heat energy sources
are used, the climate impact in Central and Northern Europe-
an production can be even in the range of 0.3-0.7 kgCO,-ekv/
kg [14,16].

There is a clear potential to decrease the climate impact of
heated greenhouse production. Energy use has been known
to have positive association to carbon emissions [26] and on
the other hand renewable energy consumption is known to
have the negative impact of environmental degradation in
higher-income and upper-middle-income countries [27].
It means that way to reduce emissions is to change energy
source, but it is also possible to reduce energy consumption
by developing production [16,28]. Finnish previous investiga-
tions, like Kaukoranta, et al. [29] show how it is possible to re-
duce the energy consumption of greenhouse production. For
example a semi-closed greenhouse in summer improved en-
ergy efficiency by 20-30% and split-roof fertigation by 0-15%.
In addition a higher light intensity in winter provided a higher
yield without impacting the efficiency of electricity use.

The background for the study was that we knew according
to Yrjanainen, et al. [30] and Silvenius [16] as well as accord-
ing to Torrellas, et al. [28] and Ntinas, et al. [14] that green-
house production can reduce its climate impact remarkably
by changing to use more renewable energy, instead of fossil
ones. So our research question is that how much the sector
as whole has so far done energy source change: What is the
average energy profile today for the greenhouse sector and
how much the climate impact has decreased since year 2004,
due to the energy source changes and other development in
greenhouse sector.

This article includes the results of an investigation of the
climate impact of Finnish greenhouse vegetables production.
We focus on Finnish greenhouse production, because there
has thus so far been no scientific research about the aver-
age climate impact of Finnish greenhouse production or its
changes.

We compare the average climate impact of tomato, cu-
cumber, and lettuce produced in Finnish heated greenhous-

es, as well as the climate impact of the entire greenhouse sec-
tor in 2004 and 2017, based on a life-cycle approach focusing
on climate impact (carbon footprint). Carbon footprint as-
sessment is increasingly recognised for assessing the climate
impacts of food products by quantifying all the greenhouse
gas emissions caused by a particular food production chain,
here for vegetables production chain. It should be kept in
mind that climate impact alone should not be considered an
indicator of environmental sustainability and it only one part
of actual life cycle assessment.

Materials and Methods

Functional unit and system boundaries

The functional unit was one kilogramme of final product
at the farmgate, based on the average production of toma-
toes, cucumber, and lettuce in 2004 and 2017. The system
boundaries followed much the horticulture climate impact
standard [31], so they include nurseries, fertiliser and lime
production and use, substrate production, packaging and pot
production, carbon dioxide use for enrichment in greenhous-
es and related production, the irrigation, lighting, and heating
of greenhouses, electricity and heat energy production, com-
postable plant waste production and end-of-life, substrates,
and packaging. Logistics, the consumer element, and trade
were not included in the study. Nor were construction and
maintenance of greenhouse infrastructure, as recommended
in PAS 2050-1:2012 [31]. Logistics were excluded from the
system boundaries, so in that part PAS 2050-1:2012 was no
followed and it was thought that there had not been remark-
able changes in logistics between production years.

Data collection and sources

Energy: The reason of the study was to investigate the
changes of climate impact of Finnish greenhouse vegeta-
bles during 2004 and 2017. Amounts of energy, production
volumes, and energy profiles were based on the actual hor-
ticultural statistics of Luke [32] of the corresponding years
(Table 1), because they describe well the typical greenhouse
production of Finland as whole. For other components, the
inputs and outputs relating to the area were assumed to be
the same since they have rather limited contribution to the
results (Table 2).

Studies in 2004 and 2017 were undertaken using the same
scope and assumptions, so that the farms in the investiga-
tion were chosen deliberately to include only those produc-
ing cucumber, tomatoes, or pot vegetables to avoid alloca-
tion problems and to attain a high comparability of results
between different production years. For lettuce, some of the
farms also produced other pot vegetables, and the allocation
between crops was based on the cultivated area. However,
the amount of pot vegetables was very low compared to the
amount of lettuce produced. There were some differences
between production in 2004 and 2017, and e.g. special to-
matoes, which are mainly cherry tomatoes, were produced in
2017 but not in 2004. Because cherry tomatoes have a larg-
er energy requirement per kilo of product due to the smaller
yield, the results are also presented per average of total to-
matoes and as an average without cherry tomatoes.
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Table 1: The number of farms in the climate impact assessment and the share of the total production volume, cultivation seasons, areas, and

average yields of the farm data used in climate impact assessment.

Tomato

2004 2017
Number of farms 232 99
Average area of farms, m? 2,941 5,157
Average yield, kg/m? 33 44
Number of year-round farms 56 44
Share of production volume of studied farms | 58 67

of total Finnish production, %

Table 2: Inputs of finish greenhouse production in 2004 and 2017.

Tomato

2004 2017
Heat energy, kWh/kg 13.24 9.84
Electricity, kWh/kg 2.89 3.32
Peat, m3/t 0.117 0.088
Mineral wool, kg/t 13.3 10
Nitrogen fertiliser, g/kg 111 8.3
Phosphorus fertiliser, g/kg 2.1 1.6
Potassium fertiliser, g/kg 16.4 12.3
Carbon dioxide, m3/t 1.5 1.1

The number of greenhouse farms used in this climate im-
pact assessment is presented in Table 1, as well as the av-
erage cultivated areas, yield, share of year-round cultivation,
and the study’s representativeness in terms of the share of
the total production volume. The share of seasonal cultiva-
tion in the studied farms in 2017 was larger than in 2004 for
tomato and cucumber. According to the statistics, there was
more year-round production in 2017 than in 2004 in terms
of total greenhouse production, which differs from the data
of the farms assessed in this study. For lettuce, almost the
entire production was from the 2017 12-month period (Ta-
ble 1). The representativeness of the production included in
the investigation in relation to the total production of Finland
is quite high, ranging from 46% to 85% (Table 1). There are
smaller numbers of farms in 2017 than in 2004, but the aver-
age size of the farms has increased so that the actual repre-
sentativeness is better in 2017 than in 2004.

Luke’s statistical data (Energy consumption in greenhouse
enterprises, Luke 2019 [32]), which include on farm level
energy use, energy profiles, yields, and cultivation areas for
Finnish greenhouse production were used as a source for
yields, area, and consumed energy and heat energy profiles.
In this investigation peat, which is known to be between fossil
and renewable energy source, is treated as non-renewable
energy meaning that in combustion process all the carbon
content of peat evaporates as fossil carbon dioxide.

The emission factors for different heat energy categories
were obtained from Alakangas, et al. [33], which is used e.g.
in national greenhouse gas inventories, and the supply chain
of the production of the used fuels was taken into account in

Cucumber Lettuce
2004 2017 2004 2017
107 35 15 17
2,991 5,769 6,933 6,731
44 103 50 50
63 54 81 96
46 48 74 85
Cucumber Lettuce
2004 2017 2004 2017
7.52 2.73 6.72 13
3.91 7.64 9.90 13.89
0.093 0.040 0.21 0.21
10.84 4.63 23 23
11.0 4.7 1.9 1.9
1.92 0.82 0,65 0.65
14.3 6.1 4.2 4.2
1.19 0.51 0.4 0.4

the assessment, mainly based on Ecoinvent data. The average
Finnish electricity profile was mainly used for the electricity
profiles in 2004 and 2017. Some large producers were also
using green electricity in 2017, and in these cases, we used
an estimate of the average green electricity profile in Finland,
based on Yrjandinen [34]. The share of green electricity for
cucumber was 14%, for lettuce 31%, and for tomatoes 26%.
Indeed, more producers as a whole were using green elec-
tricity in 2017, but their emissions were assumed to be the
Finnish average because the official data on green electricity
use on those farms did not exist. Electricity emissions from
different energy sources were based on Ecoinvent, and the
mixes were formed based on Finnish statistics. Infrastructure
was included in the electricity production emission sources.

Fertilizers: For fertiliser use, the estimates of the experts
of Finnish Glasshouse Growers’ Association were used for
2017, because there were no statistics available concerning
that. The same number of fertilisers in relation to cultivated
area was assumed to be used also for 2004. The emission fac-
tors for N fertilisers for 2017 were based on the guarantee
value of Yara Ltd, which means that climate impact does not
exceed 3.6 kgCO_-eq/kgN [35]. The value is used, because
Yara’s fertilisers are widely used in Finland (market share
more than 80%) and thus used in climate impact investiga-
tions as well. The same data was also used for 2004, even
though the guarantee value did not then exist. Ecoinvent data
was used for K and P fertilisers. The nitrous oxide emissions of
the fertiliser application and carbon dioxide emissions from
lime application were calculated based on instructions for
field cultivation by IPCC [36].

Silvenius and Katajajuuri. J Hortic Sci Res 2021, 4(1):135-145

Open Access | Page 137 |



Citation: Silvenius F, Katajajuuri JM (2021) Reduction of the Climate Impact of Finnish Greenhouse Vegetables Achieved by Energy Acquisitions

between 2004 and 2017. J Hortic Sci Res 4(1):135-145

Carbon dioxide: The amount of industrial carbon dioxide
used as enrichment for photosynthesis cultivation was divid-
ed into cultivated plants by modelling. The total amount of
industry-based carbon dioxide used in greenhouses was re-
ceived from the main producer of Finland [37] and allocated
to the different plants with the simulation model, which con-
siders photosynthesis functions, leaf areas, lighting, ventila-
tion, heating, moisture, and CO, control. The share of indus-
trial carbon dioxide according with expert opinions was 52%;
the remaining CO, enrichment came from farms’ own heat
energy production. For nurseries, the production profiles of
Yrjandinen, et al. [30] were used. For substrates, the amounts
for each substrate were based on the expert opinions of
the Finnish Glasshouse Growers’ Association, because there
were not available statistics for that. The amount of mineral
wool was assumed to be 70% and peat 30%, of the total vol-
ume. The number of other substrate uses was unremarkable,
based on the estimates of the Finnish Glasshouse Growers’
Association. The peat was modelled by considering the peat
harvesting, degradation, and greenhouse balance of swamps.
The carbon footprint of mineral wool was assessed based on
Kool & Blonk [38], and for peat on Seppil3, et al. [39], Silvan,
et al. [40], Kirkinen, et al. [41], Kirkinen, et al. [42], and Pohja-
la 2014 [43].

Packaging: The amount of consumer plastic packaging
was obtained from the investigation of the Finnish Glass-
house Growers’ Association [44]. End-of-life was investigated
so that the credits were calculated by using the energy yields
and efficiencies of Vantaa Energia’s waste and co-combus-
tion plant. The replaced heat energy was assumed to be half
natural gas and half coal energy, because this corresponds to
the typical heat energy profiles in Helsinki and the surround-
ing area. The emission factors for natural gas and coal-based
heat energy were from Alakangas 2016 [33]. The replacement
electric energy was assumed to be average Finnish electricity.

Waste: The amount of plant-based waste, as well as their
nitrogen and carbon content, was modelled in the previous
project [30], and they were also assumed to be the same in
this investigation. In composting, it was assumed that 50% of
nitrogen evaporated and 1% [45] of which was nitrous oxide.
For carbon, based on the EASEWASTE model, 65% evaporat-
ed and 3% of which was methane [46].

Waste: The transport of input production like substrates,
carbon dioxide, and fertilisers was calculated based on the
LIPASTO database [47], which offers a good description of the
Finnish transport emission profile. Distances between farms
and input production plants were calculated based on typi-
cal locations. The climate impact of consumer and secondary
packaging were also included. PE film was used for cucumber
packaging. Tomatoes were packed for retail in a consumer
plastic bag or biodegradable bag, and they were not included,
because the system boundaries ended up at the farmgate. In-
stead, corrugated board boxes used as transport packaging
were included for all products. For lettuce, the polypropylene
pots and plastic bags were included, because they are part of
farm material use.

In characterisation, Factors 25 for methane and 298 for
dinitrogen monoxide were used [48], because they are also
used in the Finnish Greenhouse Gas Inventory.

Results and Discussion

Results

The inventory table of material and energy inputs in rela-
tion to one kg final products are presented in Table 2. There
was no separate data collection for substrates, fertilisers, and
carbon dioxide in 2004, so they were assumed to be the same
in relation to one cultivated square metre for 2004 and 2017.
The yield was better in 2017 than in 2004 for cucumber and

Non-renevsable

Energy sources of tomato production

20%
10% .
0% I

Peat

w2004 m2017

Figure 1: Share of the different energy sources tomato production in the investigated greenhouses in 2004 and 2017.
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tomato, and the amount of substrates, fertilisers, and carbon
dioxide was higher in relation to one kg cucumber and toma-
to in 2004 than in 2017 (Table 2).

There has been a clear trend in production towards re-
newable energy: The share of renewable energy, mainly
wood- and field-based, energy, like woodchips, wood pellets
and straw in tomato and cucumber production has doubled,
and in lettuce production it was seven times higher in 2017
than 2004. The renewable energy is mainly wood- and field-
based energy, like woodchips, wood pellets and straw. How-
ever, the share of peat has increased in tomato cultivation by

50%. In cucumber production, it is three times higher, and in
lettuce production 16 times higher in 2017 than 2004 (Figure
1, Figure 2 and Figure 3). The share of non-renewable energy
was 42% for cucumber and 21% tomato, only half that in 2004
for cucumber and about one third for tomato. The share of
non-renewable energy for lettuce was 10% in 2017 and 90%
in 2004.

The carbon footprint results for tomato include three cal-
culations: The average for tomatoes in 2004 and 2017 and
for tomatoes in 2017 excluding special tomatoes like cherry
tomatoes. This was done to ensure comparability: Produc-

Energy sources of cucumber production

607

=]

=]

Non-renevsable

w2004 m2017

Figure 2: Share of the different energy sources cucumber production in the investigated greenhouses in 2004 and 2017.
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Figure 3: Share of the different energy sources cucumber production in the investigated greenhouses in 2004 and 2017.
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Figure 5: Climate impact of Finnish cucumber in 2004 and 2017.

tion in 2004 was mainly of conventional tomatoes. In relation
to 2004, the climate impact for conventional tomatoes de-
creased by 61%: Electricity by 38% and heat energy by 66%
(Figure 4). The figures were 2.6 kgCO,-eq/kg for conventional
tomatoes in 2017, 3.1 kg CO,-eq/kg for average tomatoes in
2017, and 6.6 kg CO_-eq/kg for average tomatoes in 2004. For
conventional tomatoes, the contribution of heat energy was
74%, electricity 20%, and other components 6%.

The reasons for the decreasing emission were increased
yield, and changes in heat energy and electricity profiles. The
heat energy use in relation to yield decreased by 26%. The

share of green electricity was 26%, but this does not cover all
the green electricity use in Finnish tomato production.

For cucumber, the climate impact was 2.0 kgCO,-eq/kg in
2017 and 3.9 kgCO,-eq/kg in 2004, and in 2017, the contribu-
tion of heat energy was 24%, electricity 71%, and other com-
ponents 5%. The total reduction of the climate impact was
49%. The share of heat energy was reduced by 81%, and the
share of electricity increased by 22% (Figure 5).

One of the main reasons for the result was that the aver-
age yield increased between 2004 and 2017. This meant the
amount of heat energy was lower in 2017 in relation to the
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Figure 6: Climate impact of Finnish lettuce in 2004 and 2017.
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Figure 7: Climate impact of used energy in the greenhouse sector in 2004 and 2017.
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produced amount of cucumber than in 2004. The heat ener-
gy profile also changed. On the other hand, electricity con-
sumption in relation to cultivated area was four times higher
in 2017 than in 2004. The amount of green electricity used in
this calculation was 14.2% of the total electricity consump-
tion, but this does not cover all the green electricity used in
Finnish cucumber production. In addition, it must be kept in
mind that the yield was two times more in 2017 than in 2004
and the greenhouse gas emission factors of 2017 are lower
than these factors in 2004.

The climate impact of lettuce produced in Finnish green-
houses was 2.7 kgCO,-eq/kg in 2017, and 4.2 kgCO,-eq/kg
in 2004 (Figure 6), the share of heat energy 33%, electricity
60%, and others 6%. The climate impact decreased by 35%,
heat energy 42% and electricity 32%. It is noteworthy that
the share of electricity for lettuce is much higher than for
cucumber and tomato. The contribution of renewable heat

energy increased from 8.5% to 61%, and fossil energy from
90% to 12%, but the contribution of peat increased from
1.5% to 27%. The increase in peat consumption as heat en-
ergy source explains why the heat energy decreased by only
42%, although the share of renewable heat energy increased
remarkably.

To produce the entire greenhouse sector energy use, the
climate impact decreased by 56% between 2004 and 2017.
The share of heat energy decreased by 63%, and electricity by
30% (Figure 7). However, much potential remains to reduce
the climate impact of the greenhouse sector. If all the elec-
tricity used were green, it would reduce the climate impact of
electricity consumption by 89%, and if all the remaining fossil
energy including peat were converted to renewable energy,
the climate impact of heat energy would decrease by 81%
(Figure 8). With both these changes, the reduction would be
84% of the climate impact of the entire sector.
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Discussion

This investigation focused on the evident climate impact
hot spots of Finnish greenhouse production; because they
were previously known to be heat energy and electricity use
[30]. The use of other components, such as substrate amount,
carbon dioxide enrichment, packaging, fertilisers, and trans-
port were not included in the statistics, so this information
was based on expert opinions by Finnish Glasshouse Grow-
ers’ Association. This approach based on expert opinions with
its related possible uncertainties had no significant impact
on results, because the most reliable and important part of
the results, contribution of heat and electric energy was 94-
95%. Contribution of other components of climate impacts
was around 6%. In previous climate impact investigations of
heated greenhouse production, it has been observed also
that the most important factors for climate impact are heat
energy and electricity consumption for lighting as well as in
this study. Henricks [49] has resulted the share of heat energy
80%, Almeida, et al. [24] 63-75% Theurl, et al. [23] 63% and
Dias, et al. [25], 69%.

Interestingly, this investigation produced almost the same
results for climate impacts for other parts of the life-cycle as
energy stated in Yrjandinen, et al. [30] and also results of the
average energy use were on the same level. Climate impacts
of Finnish vegetables were 2017, however lower, compared
to the previous Finnish studies Yrjandinen, et al. [30], which
is based on a small sample of greenhouses and Katajajuuri,
et al. [50], which was based on real statistical energy use of
many greenhouses. In experimental research Kaukoranta,
et al. 2014 [20] resulted 2.2-3.0 kgCOz-eq/kg cucumber, but
these are theoretical values and based on only one experi-
ment which was not representative of average Finnish pro-
duction.

In relation to the previous studies in other countries, it
can be concluded that in general climate impacts of Finnish
vegetables still in the 2017 situation are remarkably higher
than in Southern Europe, North Africa, and the Middle East,
where the climate impact of tomatoes and cucumber has
been reported to be relatively low, varying between 0.06 and
0.6 kg COz-eq/kg of product [14,15,17,51-56]. In Central and
Northern Europe and North America, corresponding results
has been obtained in relation to this study. In heated green-
house vegetables, the most recent climate impact results has
been from 1.37-3.59 kgCO,-ekv/kg [24], 1.4 kgCO -ekv/kg [23]
and, 3.2 kgCOz-ekv/kg [25], so the results are on the same lev-
el as in this study. The results depend on used energy sourc-
es, climate circumstances, yield and mainly whether seasonal
cultivation or all-year cultivation was taken place in studies.

This investigation proves that there has been considerable
improvement in greenhouse production in Finland between
2004 and 2017. The heat energy profiles have developed in
a more climate-friendly direction. Fossil energy has been re-
placed by renewable, mainly wood- and field-based, energy,
like woodchips, wood pellets and straw. The climate impact
of conventional tomatoes declined by 61%, of cucumber by
49%, and of lettuce by 35%. There have also been changes in
electricity profiles: The average climate impact in relation to
the produced amount of electricity was lower in 2017 than
in 2004. Furthermore, in 2017, more farms were using green
electricity with no direct greenhouse gas emissions. The share
of green electricity for cucumber was 14%, for lettuce 31%,
and for tomatoes 26%. This is another reason that the results
are so much lower in 2017 than in 2004. In addition, yield was
25% higher for tomato and even double for cucumberin 2017
than in 2004. The results for cucumber in 2004 were at the
same level as presented by Katajajuuri, et al. 2007 [50]. These
results are in line with previous findings: The share of heat
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energy has been 63-80% Henricks 2012 [24], Almeida, et al.
2014 [49]. Theurl, et al. 2014 [23] and Dias, et al. 2017 [25],
69% and it is clear that changes in the heat energy profile in
these cases would have the same impact to climate impact as
in these studies.

A detail known to differ in the actual situation was the
share of fertilisers: for both years, the Yara guarantee value
was used, but in 2004, the fertilisers were produced using old-
er technology without an uptake of the dinitrogen monoxide.
However, the contribution of nitrogen-based fertilisers was
only 1% of the total climate impact, so this has no significant
impact on the final results. Technologies have also developed
in greenhouse production.

Concerning uncertainties, a factor that may have affected
the results was that year-round production in our data was
overrepresented in 2004 for tomato and cucumber. Year-
round production has a higher impact, so it is possible that the
real change was not as remarkable as previously presented.
Yet the total climate impact of the entire Finnish greenhouse
sector according to this study was 56% less in 2017 than in
2004, which is in line with the results of this study.

One efficient opportunity to further reduce the carbon
footprint is to reduce the use of peat in heat energy produc-
tion: The contribution of peat to the climate impact for to-
mato was 38%, cucumber 7.2%, and lettuce 16%. Based on
our additional assessments if the entire electricity use were
green electricity, the climate impact of electricity consump-
tion would decrease by 89% and converting all the remaining
fossil energy including peat to renewable energy would de-
crease the climate impact of heat energy by 81%. With both
these changes, the reduction would be 84% for the entire sec-
tor’s climate impact.

These changes and the improvement potential support
the regular repetition of such investigations to avoid the re-
sults becoming outdated. One of the main conclusions was
that using old references in LCA investigations may lead to
very misleading results, and data that is too old should not be
used. Furthermore, when the comprehensive environmental
sustainability impacts of greenhouse products are assessed,
it is important to include other environmental impact catego-
ries such as the water footprint and eutrophication.

Our study clearly demonstrates the potential to decrease
the climate impact of energy use in horticulture production.
An interesting study was made by Dias [25], in which different
climate impact studies were located in the same coordinates
with the average annual temperature of the area. When the
existing data is compared with the situation in Ontario, Cana-
da, it can be seen that in the Finnish situation, a slightly lower
climate impact can be achieved with a lower annual tempera-
ture. The energy used in relation to produced tomatoes is al-
most the same. The result is therefore caused by a difference
in the energy profile: In the Canadian case, most of the cli-
mate impact came from natural gas and heavy fuel oil, but in
Finland, their share is minimal. This leads to the final conclu-
sion: Even in northern countries, a low climate impact can be
achieved in greenhouse production if the production is based
on renewable energy. There is also potential in addition to

convert to renewable energy also to increase energy efficien-
cies in greenhouse production by using different technologi-
cal solutions like the optimisation of lighting technology.

Conclusion

This investigation focused on the evident climate impact
hot spots of Finnish greenhouse production, which were
known to be heat energy and electricity use. This investiga-
tion proves that there has been considerable improvement
in greenhouse production in Finland between 2004 and
2017. The heat energy profiles have developed in a more cli-
mate-friendly direction. Fossil energy has been replaced by
renewable, mainly wood- and field-based, energy, like wood-
chips, wood pellets and straw. The climate impact of conven-
tional tomatoes declined by 61%, of cucumber by 49%, and of
lettuce by 35%.

Based on our additional assessments if the entire electric-
ity use were green electricity, the climate impact of electricity
consumption would decrease by 89% and converting all the
remaining fossil energy including peat to renewable energy
would decrease the climate impact of heat energy by 81%.
With both these changes, the reduction would be 84% for the
entire sector’s climate impact. The changes can be supported
by authorities and on the other hand low climate impact can
be also good for marketing. In addition, we recommended to
redo the investigation so that it observes the possible impact
of replacement of peat and change to renewable energy elec-
tricity on the results. One shortcoming is related to the energy
data, which does not cover 100% of the Finnish greenhouses,
but is nevertheless the best available data for this purpose.

Because the climate impact was in 2017 only about half
than in 2004, the communication by using these old results
would have lea to misleading conclusions. The same effect
can be for other products of food sector as well- and also for
other consumption sectors. That is why we recommend to re-
peat the LCA-studies regularly.

Finally, there are still possibilities to continue the reduc-
tion of carbon footprint and development of renewable en-
ergy and regarding energy source decisions, which could be
supported by the authorities by for example lowering energy
taxes for renewable energy use.
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