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Abstract-We use a recovery heat exchanger (RHE) in an industrial building to heat incoming air for space heating by j
using the heat contents of some of the refuse hot-air flows (RAF). Several RAFs are often available with different flow I
rates and temp A proper io for use of their heat contents is essential for efficient management of the energy k
system. Using a steady-state, bottom-up approach, we have obtained a set of equations that we have lineanized. Linear
programming (LP) is then used and LINE software has been developed . This software has been used for an industrial
buildingwimmmw:toobm-wmmwmmﬂwmmw-mwacimundminimum

life-cycle costs of the RHE. Depending on the RHE size, temperatures of the colder and hotter zone of the industrial

buildng and the outside temperature, we can recover the heat contents of different RAFs in different ways.

1. INTRODUCTION r‘

|
Energy savings in industrial buildings are very important for national economy.! In industrial buildings recovery eSS = 5 Fresh air
heat exchangers (RHE) are usually used to heat mcoming air for space heating by using the heat contents of some of the - This heat consumption also cov r ——
refuse hot-air flows (RAF). Several RAFs are often available with different flow rates and temperatures. . The money e Xpendif covers the heat losses during the hot S

A proper scenario for use of their heat contents is essential for efficient management of the energy system. ‘e forheat and Rijw during RHE Jifs s * framgpnd fom the bog, 10 the indstrial bugi
ding

Oepending on the RHE size, temperatures of the hotter and colder zone and the outside temperature, we can recover the
heat contents of different RAFs in different ways.
There are many methods for optimization of the building-energy perf 2-8 e have optimized our non- : i
linear energy system using LP.? This method is widely used in energy optimization of steam networks 0-12 or steal TESCE QveR Zlt&,
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Using steady-state bottom up approach as in Ref. 14, we have presented this energy system of an industnal B where CF s the price o ! ]
building by heat- network. We have used Tayier series to make non-linear terms linear. We then use LP and e O heat, CR the wnit price of Rigg and 1A g
develop LINE software. I3 For our industrial building we have obtained the scenario of use of its RAFs for the highest L 24 Nondimensiona) Variables B
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energy-saving efficiency and minimum life-cycle costs of RHE. We introduce the fo
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Although th 1 fort (TC) depends ® on humidity, air velocity, radiant temp type of elothing, and Howirg rondimensiopal v, iables :

activity of persons in the tool shop, we have taken thermal comfort to be function only of air temperature. We treat the s € subseript p stands fir 7
case when we have air infiltration caused by wind. We have not taken into account the energy wsed for air flow in the
system. When calculating the life-cycle costs of the RHE we did not take into account its present-worth factors, annual § o 22 .
rate of energy pnce di rate, dep maintenance cost and salvage value. 5 0 A %p Ty Ty = Tz Tl Ty
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Il 21_System Description : (Quly QWV(Ow)p, (CRg-CRuCR),
I Fig. | shows an industcial building with two-t zones and a separate technology unit (TU). There are Quantities (Ty,5) (T ’
| 2 -,(‘Lg)p and (©

{1e hetter and colder building zones. In the hotter zone there are offices and in the colder building zone storage places “-,-)p a2 also these of fhe itk weithon REE

I n2se zones are heated by using hot fresh air. This fresh air is preheated in REE by using the refuse hot air. Then, the

2.MATHEMATICAL MODEL
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- Uiree RAFs. one from the hotter building zone (RAH), one from the colder building zone (RAC) and another is the 105 L).\;YK/W gt::;;non 20 kgh, 9p=277K, ('r1‘7\’&z£2 ?a* 76000 Wi, Z=20000 WK, (2.1 ~>50
refuse air (RAT) from the separate technology unit. Looking at their temperature and flow cate the most significant RAF 55 ] The Li’ Omm};tlon ) W T IQ)P‘S K. Ty=300K, ¢ 1ig5 I;\! _x}p“-:‘«.*ﬁ)
RAT Examples are RATs g d by the comp station or purmps combined wath steam devices. i has given ug the refar i compasic J PONRTRyS -
Fig 2 shows the heat-exchanger network used to model the energy system of Fig. 1. The building zones with the Table 1. The different cases ek as itis shown in Table ).
o1 owd lower space temp are modeled as heat exchangers H and F, respectively. The hot water-fransportation of the RAF ons usediin R
e from the hot water plant to the building is modeled as heat exchanger W. e IR B s o AR
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|8 temperature of the hotter zone is constant. From Fig 3 for the change of temperatuse difference between ¢, =
(Tg )n=0.986

% colder and hotter zone and the lower sizes of RHE we do not have to change the composition of the refuse air for optiy,
I energy saving. For the higher sizes of RHE the lowes temperature difference means the use of the colder refuse-ar
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i We take (Fig 4) the perature difference between the colder and hetter building zone. These i the c2
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composmons The RHE with the highest size use the mixture of refuse air with the lowest temperature. The highet e W G
energy saving is obtained for the lowest temperatures of the hotter zone. ;
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gher zone temperature and environmental iemperature MIVENES 4 o3 04 o7 ”
wmm&m-‘cﬂhmimm(ﬁg. 5). For the low eswvironmental 18 18
P and high temp of the hot bilding zone we will use all available refuse sir. Energy saving is the (Th2-Ts2 )n (-)
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= Mass flow rate (kg/s)




