International Gas Union Research Conference 2014

International Gas Union Research Conference

IGRC 2014

September 17-19

Experimental Investigation of a Solar-Gas Driven HVAC System for Temperate
Climate

Arne SPEERFORCK, Gerhard SCHMITZ

'Hamburg University of Technology, Institute of Ther-Fluid Dynamics,
Applied Thermodynamics, Hamburg, Germany
arne.speerforck@tu-harburg.de

2 Hamburg University of Technology, Institute of Fim®-Fluid Dynamics,
Applied Thermodynamics, Hamburg, Germany
schmitz@tu-harburg.de

* Corresponding Author

ABSTRACT

In a pilot installation at Hamburg University of dfeology a solar-gas driven HVAC system is investd
experimentally. The coupled operation of a desiteasisted air handling unit and an adsorptiorleahédnables a
mainly heat driven air conditioning process. Thig@r presents an experimental evaluation of theeisybased on
measurement data recorded during 2013. A perforenanmparison with a conventional system in termbest
and electricity demand is conducted. It is fourat through the investigated process up to 54.8% ffteoelectricity
demanded by the reference system can be saved thbilbeat demand of the pilot plant is 4.8 timeghéir.
Regarding the primary energy demand of both systémsheat supply of the pilot plant is crucialalEommon gas
boiler is used to support the solar thermal systemolar fraction of at least 65 % is required ¢hiave primary
energy savings. A modern small scale CHP engirgslemadvantages for a well achievable solar fwaatif 30 %.
A bigger CHP engine leads to increased primary gneifficiency, even if no solar energy is used lat Ehe
advantages of CHP engines can therefore be extéadled summer period.

1. INTRODUCTION

In order to ensure an acceptable indoor air quadityconditioning systems have to cool down andudadify the
outside air during warm and humid days. In a cotigeal system the air is cooled below dew pointgenature
(e.g. 283 K) to remove latent loads. Condensingveaiter requires large cooling capacities, which aseally
provided by an electric motor driven vapor compi@ssycle and therefore causes a high demand futrad
energy. In an open cycle desiccant assisted adlitoning system dehumidification and cooling candeparated
within the process. First, moist air is dehumidifiey using a solid or liquid desiccant. Afterwarthe dried air can
be cooled by a heat sink at a higher temperatues (e.g. 290 K). For the regeneration of a desite#heel energy
in form of heat at a temperature level of 310 Kta840 K is sufficient. This enables the efficieise of alternative
heat sinks and solar thermal energy. Furthermoagnlgnenergy as heat instead of electricity is reglito run such
kind of systems.

Several hybrid systems, relying on desiccant dedificéation and closed cycle cooling, have been @tigated and

proofed to be advantageous (Al-Alét al., 2012; Fonget al., 2011; Wrobelet al., 2013; Angrisaniet al., 2011).
While most systems rely on vapor compression akill8chmitz (2005) investigated the use of shali@sthermal
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energy to further reduce the electricity consumptiénother alternative heat sink, enabled through desiccant
wheel, can be an adsorption chiller, as proposedsanulated by Fongt al. (2010). Adsorption chillers achieve
their best performance for higher temperature kewaflthe chilled water circuit and the energy imnfoof heat
required to run the chiller can be supplied on ksintemperature levels as the energy requiredegemeration of
the desiccant wheel.

A test facility at Hamburg University of Technologgmbines the mentioned aspects. Through the cwupli an
open cycle desiccant assisted air conditioningesysto an adsorption chiller the electricity demaofdair
conditioning is reduced further and a mainly heateth process is achieved. In combination with wedl-known
advantages of CHP engines and adsorption heat pdunjppgy the winter months, an efficient HVAC prosdsr the
whole year is ensured. This paper presents expetaheesults of the summer period 2013. The ingestid system
is compared to a conventional reference systenrdagathe electricity, heat and primary energy deda

2.PILOT INSTALLATION

The test facility shown in Figure 1 consists oftgig0 ft containers. The four containers at theugtblevel contain
the air handling unit as well as the further techhinstallations. The upper four containers sawveffice room and
are used as reference for the air conditioningesyst

2.1 System L ayout
The layout of the pilot installation is shown irgEre 2. It can be divided into two major parts, direhandling unit
and the hot and cold water circuit.

The air-handling unit is designed as a hybrid systmilar to the facility presented by Wrobel échmitz (2012).
The outdoor air is dehumidified in a desiccant Wige) and precooled by the sensible heat reg¢oref2-3). Both
wheels exhibit a diameter 6f65 m, lithium chloride is used as desiccant. The aithisn cooled down by a
water/air heat exchanger (3-4) to achieve the deésupply air temperature. The extract air is pugdeby the heat
recovery wheel (5-6) before it is heated furtherthe required regeneration temperature (6-7). Tihdireally
regenerates the desiccant wheel before it exitgtallation. In comparison to a conventional@inditioning unit,
the usage of a desiccant wheel to separate deHigatidin and cooling reduces the cooling load andbdes the
coupling to heat sinks above the dew point tempeeato the air handling unit (Wrobel and Schmit®12,
Angrisaniet al., 2011).

The hot water required to run the adsorption chiled regenerate the desiccant wheel is providea2ym? flat
panel solar thermal system as well as a small SC&® engine (Figure 1, nominal daf; = 5kW, Qy, =
12.5 kW). A 1000 | stratified thermal storage tank is useddecouple heat supply and demand. Another 800 |
storage tank is used on the cold water side tolgupp cooler and the cooling ceilings. The adsorptchiller
(nominal dataf)., = 10 kW), shown in Figure 1, is connected with both steraanks. Detailed manufacturer
information about the chiller is provided in thetalaheet (Invensor GmbH, 2013). A dry cooler isdufse heat
rejection, it is operated without a spraying kitidg the whole year. The heat transfer fluid witttie hot and cold
water circuit is a mixture of water and ethylengcgl (21 Vol.-%).

Figure 1. Test facility, adsorption chiller and the CHP exai
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Figure 2: Layout of the pilot installation

hot and cold water circuit

2.2 M easurements and Data Acquisition

In order to investigate the transport and conversibenergy within the investigated system, thegasaf adequate
measurement devices is crucial. To evaluate theaaidling unit and the connected reference roompégature and
humidity are measured at all stages of the progedseturn air, marked with numbers in Figure 22 Vbolume flow
is measured at positions 4 and 8. Pressure drepmeasured across all components of the air handhit. The
cold and hot water loops are evaluated by one velfiow measurement and two temperature measurements
component. Furthermore, the electricity demandladevices connected to the grid is measured. Taldbows the
selected types of sensors and their uncertainties.

Table 1. Measurement equipment used in the pilot plant

M easur ed property Sensor Typeor Principle Uncertainty

Temperature, T Resistance thermometer (PT100) + 1/3- (0.3+0.005 T)

Relative humidity, ¢ Capacitive humidity sensor +2 % r.h.for 10 % 9 <90 %

Pressure difference, Ap Ceramic fulcrum lever technology +2 % FS, (ram@@00 Pa & 0-1000 Pa)
Volume Flow (air), V Differential pressure +10 %

Volume Flow (water), V Electromagnetic flow meter +05%+1 mm/s

Electric Energy, W AC energy meter +2%

The volume flow of the air is determined by compgrthe static pressure in front of the fan’s inlag with the
static pressure measured in the narrowest poirthefinlet ring. A calibrated nozzle factor is prded by the
manufacturer. To increase the quality of the voldloe measurement of the air and check the factoviged by
the manufacturer, an onside calibration with afiaariplate measurement according to DIN EN 1SO 52§2004)
has been conducted. Relative humidity of the améasured using capacitive sensors, which are lysidjected
to a drift and can cause high inaccuracies in taduation of air conditioning systems. To take aafréhese effects,
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all sensors used in the following analyses have loeébrated at eight different values of relativemidity for four

different temperatures, using a dew point sensoreéerence. The correction of each measured vauiaén

achieved by a linear interpolation between theeetype 32 values. Furthermore, to ensure a reliab#uation of
the adsorption chiller, all six temperature sensocated in its hydraulic loops were checked ireference bath,
each two of them exhibiting similar characteristiosre used for measurements in one hydraulic |Bag to the
small occurring temperature differences an accueatgerature measurement is crucial to evaluatadaonrption
chiller. All measured data of the air handling uenitd the hydraulic cycles are recorded every 60rsx Taking
into account the dynamic behavior of the adsorptibifier, all data associated with the chiller aeeorded every
second.

3. SYSTEM PERFORMANCE

To evaluate the performance of the pilot plant, itweimg results of the cooling period 2013 are preéed. The
whole system is evaluated by comparing its heateeadtricity demand to the respective demands &f@rence
system relying on dehumidification through condéosa which is achieved using a vapor compressioifiec.

Finally, the primary energy consumption of bothtegss is compared for different efficiencies of &lietty and

heat supply. Especially, the utilization of diffateCHP engines is investigated.

3.1 Test Period and Monitoring Results

Due to construction works, influencing the piloapl, feasible data could not be recorded duringiha@e summer
of 2013. Table 2 shows the ambient and supplyaiditions for the days evaluated in this studyraged over the
operation time, of the air conditioning system. Furthermore, théliag energyQ., 4 provided by the adsorption
chiller during the respective days is included iable 2. All quantities are presented with the ogogr
measurement errors.

Table 2: Selected days for the system evaluation

t, Tou/Toutmax  Tsup Wout Waup Vsup Qcha

min °C °C gw/KEair  Sw/KEair m3/h kwh
July 19" 581 22.0/238 224 105+04 7204 826+83184%36
July 25" 464 25.9/29.1 222 11.7+05 7.2+04 817+8296%6.1
July 29" 529 25.3/26.8 221 11.9+05 7204 817+8286.2164
August 1% 619 245/29.3 223 124+05 7.2+04 816+82815%6.5
August 2™ 633  29.8/33.3 222 121+06 7.6+04 811+8#5.2%10.7
August 6" 639 249/261 221 105+05 6.6+04 819+82365+6.8
August8" 660 196/21.1 221 10.7+03 65+04 820+8219.9+3.8

A detailed performance evaluation of the adsorptbitier during the respective days can be foun&peerforck
and Schmitz (2014).

3.2 System Comparison

In order to evaluate the presented solar-gas drieconditioning system, a suitable reference @seds required.
In this study the pilot installation is comparedatgonventional air conditioning system relyingd@humidification
through condensation and a vapor compression chillee Air Handling Unit of the reference systensi®wn in
Figure 3.
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Figure 3: Air handling unit of the reference system

The key assumptions made regarding the referernoegs are:

*  Supply air water content and mass flow rate: meabdata of pilot installation,
e Supply air temperature: 16 °C,
e Seasonal Performance Factor (SPISV—”&) of the vapor compression chiller including a amyoling

process for heat rejection, SPF: 3.

The Seasonal Performance Factor of the vapor casiprechiller is chosen slightly higher than reccenished by
Napolitanoet al., (2011) and in good accordance with simulatiod mr@asurement results provided by Angrisni
al., (2011). Due to the lower supply air temperatere! of the reference system the sensible loacdvenh by the
air stream increases. The respective differenceréglited to the conventional process, in order isuee a
meaningful comparison. The parasitic energy consiommf the reference system is calculated basecheasured
data of the pilot plant. Furthermore, the lowerctieity consumption of the fans due to the absesfabe desiccant
wheel and the regeneration heat exchanger is fakeaccount.

Figure 4 shows the demands of electricity and gnasgheat of both systems summed up for the whelestigated
period. The displayed amounts are based on 24 Bureraents recorded during the days listed in Tab®tandby
consumptions of all electric components are inalude
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Figure 4 : Energy demands of the pilot plant and the refezesystem for the whole period

Regarding the electricity demand, 54.81 % of th@am required to run the reference system can bedshy the
pilot plant. However, the adsorption chiller, thesaciated pumps and the dry cooler still accounntarly half
(47 %) of the electricity demand of the whole pldaten though, the chiller itself might almost essiVely rely on
heat as energy input, the components requiredrtatrstill consume a considerable amount of eleatrenergy.
Another important factor within the electricity dand of the pilot plant is the standby consumptiérihe used
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components, accounting f8r2 kWh,, (11 %). While the electric energy demand of the pilcarplis measured
directly with accurate sensors, the demand of ¢fierence system is calculated using the assumpigiad above.
As the volume flow and the water content of thepbypir are important quantities for the comparistreir
measurement error is influencing the electric epegmand of the reference system.

Regarding the heat demand, the resulice versa. The amount of energy as heat demanded by the gaot

(563.5 kWh,,) is 4.8 times bigger as the amount required tothenreference system16.8 kWh,;,)~. The biggest
part of the difference regarding the heat demamaised by the adsorption chiller, which is accogntor 70 % of

the overall demand for the pilot plant. As the gyein form of heat required for the regeneratiorthad desiccant
wheel and to run the adsorption chiller are deteeahiby flow and temperature measurements, thedowpérature
difference at the hot water loop of the adsorptibiiler is mainly influencing the measurement utaiety. The

relatively high uncertainty for the heat demandtaf reference system is caused by the uncertafrityecairflow

measurement as well as the supply air water confeht pilot plant.

According to Figure 4, the electricity saved byotigh the pilot plant is accompanied by a consideramount of
energy in form of heat required to regenerate #mogant wheel and to drive the adsorption chiNghether the
pilot plant or the reference system is more sutdldm a primary energy perspective is highly dejeen on the
type of heat generation. In order to achieve aablét comparison of both systems, Figure 5 showspthreary
energy savingapg generated by the pilot plant for different typdsheat generation. In all cases solar energy is
used to generate a fraction of the heat requiredridoth systems. The remaining fraction is predithy a boiler or
CHP engines with different efficiencies for elecityf and heat generation. The efficiency of elettyigeneration is
chosen according to the boundary conditions prevateGermanyf, ., = 2 (DIN V 18599-1, 20113,
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Figure 5: Primary energy savings achieved by the pilot plardomparison to the reference system for diffetgpes of heat
generation

As shown by Figure 5, the highest solar fractioh %) is required if a common gas boiler is usedupport the
solar thermal system. A well sized storage tankasdfficient area of collectors are therefore na&oiy to ensure
primary energy savings through the mentioned systentombination with a relatively inefficient CHénhgine
Me1 = 23 %, nen = 56 %, P,y = 5 kW, as used in the pilot plant) the system leadsitngry energy savings if at

! Note that the exergy content of the energy as isewit taken into account in this comparison.
2 According to DIN V 18599-1 (2011) the electricfiyovided by the CHP engine is credited with a faofo
fo,c = 2.5. The factor for transportation and extraction dlunal gas isf, ¢ = 1.1. The electricity demand of the

required pump for the solar thermal circuit is megd.
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least a solar fraction of 53% is achieved. Whiktade of the art small scale CHP enging € 23 %, 1y = 56 %,

P, = 6 kW) leads to primary energy savings as soon as a fsalztion of 30 % is realized, a modern bigger scal
CHP enginene = 37 %, nwm = 49 %, P, = 200 kW) leads to primary energy saving even if no solargy is
used at all. Therefore, the efficiency of the hgameration process used to support the solar thesystem is
crucial. Used in combination with modern CHP engitige process enables considerable primary energggs
and a mainly gas driven air conditioning procedse high utilization of electricity grids due to aonditioning
processes during the summer months can be reducktha rate of utilization for CHP engines can heréased
significantly.

4. CONCLUSIONS

A solar-gas driven HVAC system for dehumidificatiand cooling of outside air can be achieved throtigh
coupling of an open cycle desiccant assisted aiditioning system and an adsorption chiller. Coredato a
conventional reference system based on dehumitidficghrough condensation the electricity demand be
reduced by 54.81 %. However, the heat demand igid&s higher for the investigated system. Primamgrgy
savings achieved through the desiccant assistadnsyare highly dependent on the boundary conditeors the
efficiency of heat supply. While the utilization afcommon gas boiler requires a solar fractionso%®6in order to
save primary energy, a modern small scale CHP erlgeds to advantages for a well achievable scdatibn of
30%. A bigger engine leads to increased primarygnefficiency, even if no solar energy is usedakt The
presented system is therefore a promising podyiltdi increase the rate of utilization for CHP er&s during the
summer months and to lower electricity peak demarm@smbined with the well-known advantages of CHP
generation and adsorption heat pumps during théeewmonths, an efficient HVAC process during theolghyear
is ensured.

NOMENCLATURE
COP Coefficient of Performance O] Subscripts
f primary energy factor ) c credit
P electrical power (W) ch chill
p pressure (Pa) d day
Q energy as heat (8)] el electrical
0 power as heat (W) G gas
SPF Seasonal Performance Factor (-) o] operation
T temperature (°C) out outside
t time (min) p primary energy
14 volume flow 3 /h) sea EBS
W electrical energy (®)] sup supply
w air humidity ratio (g/kg) th thermal
A difference ) w water
© relative humidity %)

International Gas Union Research Conference 2014



Page 8

REFERENCES

Al-Alili, A., Hwang, Y., Radermacher, R., Kubo, 012, A high efficiency solar air conditioner ugin
concentrating photovoltaic/thermal collectors, Aggp Energy 93, 138-147.

Angrisani, G., Minichiello, F., Roselli, C., Sas$6,, 2011, Experimental investigation to optimizdesiccant
HVAC system coupled to a small size coneneratoplidd Thermal Engineering 31, 506-512.

DIN EN ISO 5167-2,2004, Measurement of fluid floywineans of pressure differential devices insemedrcular
cross-section conduits running full -Part 2: Oegfjglates (in German), Deutsches Institut fir Norgiu

DIN V 18599-1,2011, Energy efficiency of buildingCalculation of the net, final and primary enedgynand for
heating, cooling, ventilation, domestic hot wated ¢ighting — Part 1: General balancing proceduersns
and definitions, zoning and evaluation of energyrees (in German) , Deutsches Institut fir Normung

Fong, K.F., Lee, C.K., Chow, T.T., Fong, A.M.L.,720 Investigation on solar hybrid desiccant coobggtem for
commercial premises with high latent cooling loadubtropical Hong Kong, Applied Thermal
Engineering 31, 3393-3401.

Fong, K.F., Lee, C.K., Chow, T.T., Lin, Z., ChanglL, 2010, Solar hybrid air-conditioning systemHigh
temperature cooling in subtropical city, Renewdbtergy 35, 2439-2451.

Invensor GmbH, 2013, Adsorption Chillers - Inven&dC 10 vario,
http://www.invensor.com/en/pdf/invenSor_LTC10_ \farDatasheet EN.pdf, accessed 05.12.2013

Napolitano,A., Wolfram, S., Thir, A., Finocchiaf®.,, Nocke, B., 2011, Monitoring Procedure for S@aoling
Systems - A joint technical report of subtask A &(D-A3a / D-B3b), http://www.ieashc.org/data/site
publications/ IEA-Task38-Report_A3a-B3b-final.pdfcessed 05.12.2013.

Schmitz, G., Casas, W., 2005, Experiences withsadgaen, desiccant assisted air conditioning systéth
geothermal energy for an office building, Energd 8uildings 37, 493-501.

Speerforck, A., Schmitz, G., 2014, Integration effadsorption Chiller in an Open Cycle Desiccantisigl Air
Conditioning System, International Sorption HeatmPuConference., Paper 1129.

Wrobel, J., Sanabria Walter, P., Schmitz, G., 2@Eformance of a solar assisted air conditionysgiesn
at different locations, Solar Energy 92, 69-83.

Wrobel, J., Morgenstern, P., Schmitz, G., 2013bd&limg and experimental validation of the desicaaiméel in
a hybrid desiccant air conditioning system, Applidtermal Engineering 51, 1082-1091

Wrobel, J., Schmitz, G., 2012, Geothermal- And BAksisted Air Conditioning System, International
Refrigeration and Air Conditioning Conference, &ap372.

ACKNOWLEDGEMENT

This work is being conducted in the frame of a @cofunded by the Federal Ministry of Economics and
Technology (www.bmwi.de), cf. project funding redace numbe@3ET1065A.

International Gas Union Research Conference 2014



