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Abstract- In recent years, the horticultural sector has been Global heating as a result of greenhouse gasses (GHG) is a hot
confronted with questions about the carbon footprint of its topic. The environmental impact of the modern horticulture sector is
products. In greenhouse cultures, energy consumption ishe the subject of aincreasing interest to the community. Wholesalers,
main component of the CQ emission. To save energy, many supermarkets and consumer organisations therefore want insight into
Dutch greenhouse companies use CHP to heat their greenhousesthe GHG emission of their products, for both organic and
These growers may sell the superfluous electricity produced by conventional cropping methods. They plan to show thef@@print
the CHP to the national grid, thereby generating two products; on their pralucts, as an indicator of the impact on global heating by
the horticultural product, e.g. a tomato, and the electricity. The the production of their products. As a result, Carbon Trust, the UK
CO:2 emission of the electricity production should be deducted Department for Environment Food and Rural Affairs (DEFRA) and
from the total CO: production of the CHP, in order to calculate the British Standards Institution (BSI) have developed a protocol fo
the COz emission that should be assigned to the production of the the calculations of the GQootprint, the secalled PAS 2050 [2] [3].
crop. This protocol is based on the methodology of the life cycle
assessment (LCA) of the International Reference Life Cycle Data
System [7]. In 2008, the Dutch Horticultural Board andNteistry
of Agriculture, Nature and Food Quality decided to start a pilot
project to build a model to calculate the £f@otprint, so the sector
can anticipate the answer to the
footprint of Dutch (gThiereoddimaybee pr ¢
used by the members of tBaitch Horticultural Board to calculate
the CQ footprint of their om production plant and is able to
calculate the effects of changes in the production method
(http://www.tuinbouw.nl/artikel/coZootprintberekenen

To investigate the carbon footprint of a greenhouse
production system to cases are compared: with and without a
CHP system to heat the greenhouse. Amxample for grown
tomatoes inThe Netherlands is worked out. It shows the specific
input factors and their impact on the CO: footprint. The
functional unit used is kg CQ per 1000 kg product, and the
system boundary is from seedling production until the delivery
of product at the distribution centre of wholesalers or supemar-
kets.

The CO: footprint of the tomato crop grown without
cogeneration is 55% higher than that of the crop grown without
cogeneration and more than triple that of the convetional crop
grown with CHP. The use of CHP is a way to reduce the CO
footprint for tomato growers.

During this study, it became cleinat the use of cogeneration for
the production of heat and electricity reduced2@@issions, and
consequently, the COootprint. Growers use egeneration to save
costs and energy. In Dutch greenhouse horticulture in 2011,
combined heat and power (CHPystems which generated

Keywords- CHP, sustainable greenhouse, greenhouse herti approximately 3000 MW of electric power were installed in a total
culture, carbon footprint, electricity production area of 10,300 ha. Their annual electricity production is about 11,8

TWh. This electricity is partly used for artificial lighting, but most is
sold to the national gf. The heat generated is used for heating the
greenhouses. This decentralised cogeneration of electricity at
l. INTRODUCTION greenhouses has benefits compared with central electricity
production at normal power stations, where most of the heat is cooled
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and thus wastedrganic crop production has to compete with thisGi= Total gas iput CHP to produce 1 kWh electricity®- kWh?
modern way of cropping with the use of CHP. This article calculateSe= Share electricity of gas input CHP m3-kwWh-1

the CQ footprint of organic and conventional tomato cropping

systems. Examples of the allocation methods for CHP are describedin horticulture, the C® produced was also used in the crop

and the impct on the CO2 footprint is shown. production process. The electricity produced by the CHP in the
greenhouse plant was used outside the greenhouse system and had an
I. MATERIALS AND METHODS impact on the national electricity production. Because the electricity

sold to the natiorlagrid is not recognized as a reduction in CO2
The CQ footprint of a greenhouse plant with and without PutPut by this allocation m_ethod, makes the system reduction
combined heat and power generation (CHP) were compared. /QTI.IOC&'[IOH method a poor choice.

overview of data for a tomato crop produced betweenDeicember 2. System expansionThis method is based on expanding the
and late Novemberwas used. Data were obtained fromsystem to include the impact of displaced productshéndase of
“Kwant it amdtie voer dé rGfasgiuinbouw 20220 1 3 "cogeneration, the electricity that would have been produced by the
(Quantitative information on greenhouse horticulture), a report thafational grid (i.e. the avoided electricity) was displaced by the
frequently contains overviews of the actual inputs, cost and yields fefectricity that was produced by the CHP system and sold back to the
the main crops of the Wdch greenhouse horticulturglO].  grid (i.e. the replacement electricity).hi§ allocation method was
Cogeneration is used to save energy, by avoiding energy wasigeful in the cgeneration cropping case. The system included the
especially heat, at the central electricity plants. Tlevamt data are production of tomatoes and the production of replacement electricity.
shown in Table 1 The emission of the replacement electricity was deducted from the
total emission of the tomatcrop and electricity production at the

greenhouse plant, to calculate the emission level of the tomatoes.
TABLE 1. INPUT DATA OF TOMATOCROP PRODUCTION IN RE . . ) )
NETHERLANDS, 2013 3. Economic allocation.This allocation method was based on the

economic return of the electricity and the crop. If, for example, in a

Input unit | Tomato Tomato tomatocropt he yearly ret ¢and l_:tl_e epamtrieity €50.
CHP returns ar & thé IskaremDthe electricitynin the gas
Production kg-m2.year! 65.5 65.5| consumption of the CHP will be 12.5/(50+12.5) = 20%. If you need
Electric power CHP MW-hat 0.0 0.6 0.284 n3 gas to produce 1 kWh, the electricity part will be 0856
Cogeneration hours-yeat 0 3560] (20% * 0.284) m. So for each kWh electricity supplied to the
Natural gas boiler me-m2-year’ 30.8 13.1 nat!on_al grid, the C@emlssmn of the CI—_|P can be reduced by _the
Natural gas CHP m-mZyear: 0 535 emission of 0.0568 gas This method is very unstable a_nd will
Electricity KWh-mZyeart 10.00 000l 9ive dlfferen_t CQ footprints throughout and over the _yearﬂ;m\a
Electricity - - comparable input of energy. Because system expansion can be used,
oroduction kwh-nr2-yeart 0.00 213.00f PAS 2050 doesn’'t allow use of the
PE/PVC/PS kg-ha'-year! 940 940
Ee(s)tlmdes Ilzg-ir:ai-yeari 1592 15892 TABLE 2. CO2 EMISSION OF ELECTRCITY PRODUCTION IN THE
Nz kg.hgl.ﬁ; Too3 593 NETHERLANDS. (Based on [6] [8] [9]).
P2Os kg-hal-year! 360 360 Electricity source kg CO-kWh excl. pre
combustion

In the situatiorwith the CHP system, the grower produced two E:E:Lljfgrgas average 420

different products; tomatoes and electricity. For assigning CO Oil 660

emission from a central source to multiple objectives, three ranked Coal 870

allocation methods can be distinguish2d[3]: Importin Holland 2006 286
1. System reduction The CHPproduction process was broken Production average Holland 200 543

down into sukprocesses: the electricity production and the heat
production, and the allocation was based on energetic output. In the

case of 40% electric and 50% thermal return of power3 fatural Looking at the replacement electricity production by CHP, the
gas (31.65 MJ-rd) produed 3.52 kWh (31.65/6*40%) electricity  time of production is important. In The Netherlands, the electricity
(Eg. 1). With a total return of 90%, 1 kWh of elecityy was produced source is different at different times of the day and on different days
with (1/3.52) 0.284 of gas(Eq. 2). In practice, the electric return of the week. There is a base load of electricity production that is
varied between 38% and 42% and the thermal return between 5@4pplied by longasting power plants such as those fuelled using coal
and 55%. 8 the CQ emission of theslectricity was based on (40% or nuclear power. However, the daily fluctuation of electricity
/ (40% + 50%) * 0.284) = 0.126 Imatural gas per kWEEQ. 3). consumption is supplied mainly by gas combustion power plants. All
these production methods have their owre @@issiongTable 2).

Pe=E*C*Se 1)
Gt=1/Pe @) In the case of tomato, the CHP is used for two purposes: 1)
Ge= (Se /(Se+ S)* Pe 3) production of heat and CQor crop production and 2) electricity as

a coproduct not used for the production of tomatoes. The electricity
Pe= Electricity production kWh produced is sold to the national electricity grid. The electricity market
E = Energy value natural géseat) MJ-nr3 in The Netherlands is divided into two main parts: base and peak
C= Conversion factor kwh-MJ1 hours. The peak hours Monday to Friday from 07:00 to 23:00, the
Se= Share electricity output % hours with the highest electricity consumption. The base hours are
S= Share heat output % from 23:01 to 06:59 weekdays and the 48 hours of the weekend. The
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peak hours have a high rate paid and the base hours haveatdow
paid. Because the G@demand by the (tomato) crop is also during the TABLE 4. RESULTS OFCO FOOTPRINT THE CALCWATIONS

day, most of the growers use the CHP during daytime hours, both (kG CO2EQ-TON?)
during the week peak time hours and the weekend base time hougs
with the low rate paid. The heat produced is usetiéngreenhouse Tomato Tomato withCHP
directly or stored for the night in heat water storage tanks, except fgp Young plants 130 70
the summer period when a portion of the heat cannot be used becaus&as boiler 1136 374
the heat water storage tank is to small and is wasted CHPY 0 165
Back to the questiooidm@aelés{—Eﬁg@y—w—yﬂ%#ﬂ—n—t—e—fﬁav 98
This question was answered bpanelof experts. Participants were Fertlllger 43 43
a grower with a CHP, a PhD researcher on the energy market, a CHpMaterials 18 18
specialist, an horticultural economist, a seller of electricity and two|_Transport 8 8
energy production specialistshe panel concluded that in The [ Total 1430 775

Netherlands, electricity delivered in the peak hours reduced Y Gas CHP-electricity to national grid.
electricity produced by gasombusted electricity plants, and in the
base hours, that produced by coaimbusted plants. In this case, it
was simplified by calcaiting with 5/7 by gasand 2/7 by coal 1500
produced electeity, based on the number of days with and without
peak hours, respectively. The so calculated avoideg éb)ssion

was offset against the G@mission of the gas used by the CHP. In
situations wherghe amount of electricity that is delivered during
peak and base hours is known, the real distribution can be used. 1000 -

In thetomatocrops without CHP, the allocation will be simply that
all the CQ emissions will be due to the tomato production.

The CQ footprint looks at the effect on the GHG of all materials
used during the whole production cycle. For all cases, the emissio| 500
will be calculated for 1000 kg tomatoes. The system boundary of th
life cycle assessment started with seedling production anddivthgr
of the young plants, included their transport to the greenhouse an
the fruit production at the greenhouse, and ended with the transpo
of the fruit to the gate of the distribution centre of the wholesaler off 0 -
supermarket tomato tomato with CHP

The mainmaterialsused dumg the seedling, young plant and fruit
production periods were energy (gas and electricity), fertilizers,
pesticides, plastics, rock wool, peat, etc. In these cases, the emiss'jd 1, Tomato crop: the C&emission (kg C@eq-tont) of a crop
of the seedling and young plant production and transport is estimated™" ™’ with and. without heating using a CHP system
at 10%of the emission for the fruit production. ’

Efomato Mtomato with CHP

An inventory in 2008 at a new tomato production greenh(iige 1500
gave the amount of materials used fmeenhouseonstruction as
shown in Table 3, with the average annual depreciation and
percentage of recyclable materials at the end of its lifetime. PAS 205
excluded the emissions of the production of these capital goods.

1000

TABLE 3. MATERIALS USED IN GREENHOUSE CONSTRUCTIONTON-HA-

1), THE AVERAGE DEPRECIATION(%) PER YEAR ANDAMOUNT OF
MATERIAL THAT MAY BE RECYCLED(%).(11)

500

Average % %
depreciation recyclable
Concrete 109 7.0 % 90 %
Aluminium 37 8.1% 90 % 0 -

Glass 119 70% 90 % Young  Gas  CHP Electricity Fertilizer MaterialsTransport Total
Steel 196 8.2 % 90 % plants  boiler  netto

ton-hat

Efomato mtomato with CHP

Il. RESULTS

Fig. 2, Tomato crop: total and components of the @@ission (kg

The CQ emission of a tomato crop are compared in two cases: CO2 €d-ton’) of a crop with and without heating using a CHP
without and with the use of a CHP for heating of the greenhouse. The System. (CHP netto = Gas CHelectricity to national gd.)
results are shown ifiable 4andFig. 1.
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The use of £HP system lowers the G@otprint of the crop by The CHPcaseis one of many possible ways to use cogeneration
about 55%, due to the avoided productafnelectricity by power in greenhouse horticulture. The potential 238nission reduction
plants, for the tomato crop. So, the use of cogeneration has a positilepends on many specific factors. Iistbtudy, the most important
impact on reducing the CQOemission of the community. The factors were: electric and heat return of the CHP, number of hours
consumgpion of gas with CHP will be almost 50% higher thanwith cogeneration, type of electricity production avoided (i.e. coal or
without CHP, due to the production of electricity for the nationahuclear vs. gas), amount of generated power in relation to the area of
grid. However, because heat and :Cfde used in the greenhouse the greenhousend heat and CQlemand of the greenhouse. This
production process, cogenerati@sults in an overall energy savings COz footprint method is an easy tool for growers to use to calculate
by avoiding electricity production in a central electrical productiorthe CQ emission of their own crop and production method. In this
plant that generally wastes the generated heat. The final impamsestudy, the use of the CHP is based on the heat and&@and
depends on the kind of electricity plant that the @éduced of the crop, to ensure the least possible heat wastage at the
electricity replacesConsequently, a greenhouse grower may decidgreenhouse plant. To achieve the illustrated reduction of CO
to use cogeneration to lower his £i0otprint. emissions using CHP, the investment and extra gas consumption

As sh in Fia. 2. th tion is th i Cohaveto be recouped by the returns from the electricity sales. In 2008,
S shownin Fig. 2, the gas consumption is the greatest ich had high prices for both base and peak time electricity

_emission component ofgreenho_use tomato producti_or_l; without C elivery, growers let the CHP run extra hours to generate extra
In the tomato growing system itis 79%nd with CHP, itis 70%. incom;y. I?l 201014, which had low electricity pric%s, growers

Energy savings and the use of green energy are the mafppped this extra use of cogeneration because the extra gas
components in the reduction of the £@otprint of protected Cconsumpibn would not have been recouped by the sale of electricity.
horticulture. The other factors that can be considered for a furth&herefore, to realise a reduction of £€nissions with cogeneration
reduction of the C&eq. emission of atnato are the use of fertilizers in horticulture, there needs to be a stable electricity market with fair
and the transport of the product to the distribution centre. prices.

REFERENCES
V. DISCUSSIONAND CONCLUSIONS
[1] Blonk, J, Ponsioen, T and ScholtdnCarbon footprint
Greenhouse horticulture has to innovate their production system berekening voor Agro ketens. Een nadere uitwerking van PAS
to lower the C@footprint. Actually the greenhouse horticulture is 2050 [Carbon footprint calculationn agricultural chains. A

quickly adapting new technologies, such as CHP, for its use. Other further detail development of Pas 20%0] Dutch).
new energy systems already have been developed or will be Productschap Tuinbouw, Zoetermeer. The Netherlands 2009

developed, such as: [2] BSI. Guide to PAS 2050. How to assess the carbon footprint of
goods and serviceBritish Standards Institution (BSI), UK.
1 Heat from CHP delivery by greenhouse growers to other 2008a.
companies and/or negreenhouse partners, such as schools, [3] BSI. PAS 2050:20085pecification for the assessment of the life
swimming pools, etc.; cycle greenhouse gas emissions of goods and serBiGtsh
1 Heat or CQdelivery by electricity or industrial plants to Stanards Institution (BSI), UK. 2008b.
greenhouses; [4] Dones et alEcoinvent data v2.@8Bwiss Centre for Life Cycle
1 Use of geothermal heat; August 2014 10 wells in the Inventories. 2007.
Netherlands [5] Frischknecht, R., Jungbluth, N., Althaus;H, Bauer, C., Doka,
1 Bio energy; G., Dones, R., Hischier, R., Hellweg, S., Humbert, S., Kéllner,
1 Fermentation. T., Loerircik, Y., Margni, M. and Nemecek, Tmplementation

] of life cycle impact assessment methods. Ecoinvent report No. 3,
Greenhouse growers can choose from these options and look at they2 0. Swiss Centre for Life Cycle Inventories, Diibendorf,

effects of the chosen option(s) on the Cfootprint for their Switzerland. 2007.

production system [6] Groot, M.I. and van de Vreede, GAthtergrondgegevens
strooméikettering 2006 [Background data power labe(s]
Dutch). CE, Delft, The Netherlands. 2007.

Hienrich, A.B.International reference life cycle data system
handbook. Supporting business and public authorities towards
sustainable production and consumpti@he International
Journal of Life Cycle Assessmet#:524525 2010.

8] Seebregts, A.J. and Volkers, CMonitoring Nederlandse
elektriciteitscentrales [Mnitoring Dutch power stations] 2000
2004 (in Dutch) ECN Beleidsstudies, Petten, The Netherlands.
2005

Sevenster, M.N., Croezen, H.J., Blom, M. and Rooijers F. 2007.
Nieuwe elektriciteitscentrale in Nederland [New power plants
in the Netherlands] (in Dah). CE, Delft, The Netherlands.

Growers have to become aware that the community and
wholesalers want insight into the production method of thei[
suppliers and the impact of the production method on glo&ahing 1
and environmental burdens. The £@otprint is said to be the
indicator that wholesalers and supermarkets will use, explaining only
part of the overall environmental impact of the production metho
used. Abiotic resource depletion, human, aquatid terrestrial
toxicity, acidification, eutrophication, deduction of stratospheric
ozone depletion and phetaxidants formation, etc., which are the
other (sub)indicators of theCA methodology.are not considered.
For comparison studies, however, thegeeptindicators should be E)
considered to avoid any misinterpretation of the environmental
effects of a specific growing system according to Ititernational

Reference Life Cycle Data System Handbook (ILCD, 2008) [10] Vermeulen, P.C.MKwantitatieve Informatie voor de
Glastuinbouw [Quantitative information on greenhouse
Therearea lot of databases with elementshe CQ eq emissions horticulture] 2012- 2013(in Dutch). Wageningen UR

of materials that use different emission figures on the same materials. Glastuinbouw, Wageningen, The Netherlangp.107, G52

Using these different figures can have a high impact on the level of and G532013.

the CQ footprint. A widely accepted database which explains locgl11] Vermeulen, P.C.MMateriaalinzet kas en teeltsysteem versie

differences in data wilbe necessary. In this study, the database 10-03-09 [Material use greenhouses and growing systems]

Ecoinvent was used. (www.ecoinvent.ch) [4] [5] Internal database, Wageningen UR Glastuinbouw,
Wageningen, The Netherlands.

40 Journal of Energy Challenges and Mechanic ©2014 North Sea


http://www.springerlink.com/content/0948-3349/
http://www.springerlink.com/content/0948-3349/

