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Abstract. During compression, a gas heats up, almost in all cases this heat 
being wasted, either by cooling the gas because it is too hot for the 
application, or by storing the gas and letting the compressed gas cool 
naturally in the storage tank. This paper presents a waste-energy (heat) 
recovery system from the gases compressed by an oil-free screw 
compressor. The gases compressed by this compressor have a very high 
temperature compared to an oil injected screw compressor, due to the fact 
that the oil used to lubricate the rotors also acts as a heat sink, the oil free 
variant which is used when you want a very high purity of the gas, has higher 
tolerances and more friction between the rotors which result in a higher gas 
temperature. The recovery system uses a heat exchanger to extract the waste 
energy from the gas and at the same time it will cool it for immediate use. 
Depending on the requirements, the energy recovered may be used 
immediately to produce useful work or stored for a later use. It may be used 
for heating a building, to produce steam for a turbine driving electrical 
generator, or in other forms.     

1 Introduction 

A method for rational use of energy in air compression is heat recovery, which is a secondary 
product in the compressed air production. Thus, the primary energy is directly transformed 
into compressed air, and indirectly into heat, which can be used in central heating systems. 
There is a great potential of energy that can be saved or recovered from   compressed air 
systems, also having great potential for improving both the energy savings and CO2 emissions 
[1]. 

Companies have developed their own heat recovery systems in self-contained complete 
systems, rotary screw compressors, boosters and blowers that are particularly well suited for 
heat recovery. The compressor's exhaust heat can be used as hot air for spaces or process 
heating purposes. For example, by the direct use of the recyclable heat via an exhaust air 
ducting system, up to 96% can be used, or by using a warm cooling medium that can heat 
water up to 70°C via a heat exchanger, up to 76% of heat energy can be recovered [2]. 

In a compressed air energy storage (CAES) system, proposed, the compressed air is stored 
in a pressurised tank, and the air is than released in an expander turbine to generate electricity. 
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The disadvantage is that when the compressed air is released, it cools, reducing the amount 
of available energy.  

The key element for improving the efficiency is to develop a high temperature air storage 
system. The energy conversion process can be adiabatic or diabatic (nearly isothermal), and 
also in other thermodynamic cycle configurations. In a diabatic system, additional heating of 
the expanded air is required to generate additional output energy. In a adiabatic system, the 
compression heat is stored at a higher temperature in the storage tank and hence a generation 
of a larger quantity of energy output can be expected [3].   

2 Heat recovery system design  

The fundamental research of new gas compression solutions has led to innovative solutions 
in the development of oil-free helical compressors. The TURBO 2020 Core Program, carried 
out with the support of MCI, conducts a fundamental research in line with the general 
objectives of the INCDT COMOTI on the development of oil-free rotary machines based on 
the knowledge developed on oil-injected screw compressors. For this purpose, was purchased 
as a study material, an oil-free compression unit type CD14D1 [4, 5] from GHH RAND, 
Germany (Figure 1). 

a.           b.  

Fig. 1. a. Oil-free compression unit type CD14D1 [1, 2]; b. the purchased unit from GHH-Rand  

The following table shows the different compressor stages and their application in the 
respective compressor blocks [4]: 

Table 1. Assignment of compressor stages to compressor blocks. 

Type Single-stage blocks Double-stage blocks Booster 
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CDA96 CD14S CD14D1 - 

CDA128 
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CDA160 CD42S CD42D1 - 
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) CDB54 - CD8D CD8HD 

CDB68 - CD14D1 CD14HD1 

CDB90 - CD26D CD26HD 
CDB114 - CD42D1 - 

The cells with bolded frame in the left in Table 1 are the units composing the double stage 
CD14D1 compressor. In Table 2 are the nominal parameters of the compressor stages. In the 
paper the values from the columns with normal frame were used. 
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Table 2. Nominal limitations of using CD-D without CD8D (according to clearance classes). 

Parameter 
1st stage 2nd stage 

close open close open 

Maximum suction temperature [oC] 46 50 51 60 
Maximum discharge temperature [oC] 227 250 227 270 

Maximum discharge pressure [bar absolute] 3.96 4.17 8.63 12.7 

 
From the technological diagram shown in the figure 2, we have: 
First stage of compression with CDA96 compressor unit, which gives compressed air at 

4.17 bar (abs) and 250oC, and second stage of compression with CDB68 compressor unit, 
that give compressed air at 12.7 bar (abs) and 270oC (see tables 1 and 2 from above). The 
flow of the compressor at maximum load is Mair = 1330 m3/h = 0.436 kg/s, at 20oC and at an 
air humidity of 60%, see also figure 3, the output data done with T1996WIN, Vers. 2.2.22, 
GHH Rand software. 

In the technological diagram, figure 2, are represented the coolers for that two stages of 
compression in the situation of a beneficiary request for 12 bar (abs) compressed air at 60oC. 

The amount of the lost heat rejected and the consumption of energy is significant. The 
quantity of the rejected energy in the first and second stages is given by the equation: 

𝑄௔௜௥,௖௢௠௣ = 𝑀௔௜௥ ∙ 𝑐௣,௔௜௥ ∙ (𝑇ଶ − 𝑇ଵ)           (1) 

We have the following amount of heat lost for the two compression stages: 

𝑄௔௜௥,௖௢௠௣,ଵ௦௧ = 𝑀௔௜௥ ∙ 𝑐௣,௔௜௥ ∙ ൫𝑇ଶ,ଵ௦௧ − 𝑇ଵ,ଵ௦௧൯ ≅ 88 kW   (2) 

𝑄௔௜௥,௖௢௠௣,ଶ௡ௗ = 𝑀௔௜௥ ∙ 𝑐௣,௔௜௥ ∙ ൫𝑇ଶ,ଶ௡ௗ − 𝑇ଵ,ଶ௡ௗ൯ ≅ 92.4 kW     (3) 

𝑄௔௜௥,௖௢௠௣,ଵ௦௧ାଶ௡ௗ = 𝑄௔௜௥,௖௢௠௣,ଵ௦௧ +  𝑄௔௜௥,௖௢௠௣,ଶ௡ௗ ≅ 180.4 kW      (4) 

Converting in kcal/h and Btu/h, we have:  

𝑄௔௜௥,௖௢௠௣,ଵ௦௧ାଶ௡ௗ = 155116 kcal/h, or 615550 Btu/h           (5) 

For an air to air cooler driven by an electrical motor at 1500 rpm, with a dimension of the 
cooler = 1200 mm (tube length) x1500 mm x 140 mm, the total electrical power lost for the 
cooling the air of two compressor stages is Elost = 11 kW.   

If we compare with the energy consumed by the main electrical motor driving the 
compressor unit that is about is Econsumption = 173 kW (calculations done with T1996WIN, 
Vers. 2.2.22, GHH Rand software, see figure 3, the output data), the lost energy used for 
cooling the air represent about: 

𝜂௟௢௦௧ =
ா೗೚ೞ೟

ா೎೚೙ೞೠ೘೛೟೔೚೙
∙ 100 = 6.35%      (6) 
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Fig. 2. The technological diagram for double oil-free compressor with CD14D1 unit 

 

Fig. 3. Power consumption for double oil-free compressor with CD14D1 unit, output data 
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In the proposed work the energy lost in cooling the air for the two stages compressor, is 
used in a CAES system [6, 7]. CAES system uses energy at the tip of electricity production 
to compress the air in pressure vessels or in depleted gas fields or in depleted or preserved 
salt mines. The compressor and heat exchangers are closed positioned. The compressor is 
driven by an electric motor and the expander drives an electric generator. After compression, 
the air is introduced into pressure vessels or deposits, depending on the amount of energy 
needed to be injected later into the grid, see figure 4. It is supposing that the compressor will 
work about 4 hours in a day, and the expander will work about 1 hour in the maximum grid 
load. That mean the storage air will be available about 20 hours/day. At a gradient of losing 
temperature about 1oC/h, it is supposed that the tank temperature after 20 hours to be less 
with 20oC, in the best insulation. 

 

Fig. 4. The proposed recovery of heat with a CAES system 

INCDT COMOTI has developed a piece of equipment for converting the energy of 
compressed gas into green electricity. This unique group operates using oil injection screw 
compressor. The thermodynamic cycle of an injection screw compressor that is a volumetric 
machine with positive displacement is also studied in the present [8, 10] and is used in 
refrigeration and air conditioning, but also in power generation. COMOTI's Expander 
Helical-Generator is an expander in oil-injected turbine configuration (advantageous solution 
for relatively small flows) that has the advantages: high efficiency due to near-isothermal 
compression, low maintenance costs due to its very good reliability, few pieces in motion [8, 
9]. In this case, COMOTI developed the 37kW screw oil injected expander from a GHH 
screw compressor in collaboration with GHH -Rand company, see figure 5 [10]. 

 

Fig. 5. The 37kW screw oil injected expander [11] 
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3 Mathematical computation of expansion power 

The process of producing mechanical energy in the turbine through irreversible adiabatic 
expansion of natural gas is accompanied by a decrease in temperature. Since is imposed a 
minimum gas temperature at the exit pipe of the expander, about 5oC, it results that the gas 
must be preheated before entering in the helical turbine. In our case, because the screw oil 
injection turbine, the oil will be heated by the first stage of the oil-free compressor, and that 
will cause the heating of the inlet compressed air in the turbine, in the case of lower 
temperatures of the compressed air, see figure 4 from above. 

The expander is working with 10 bar (abs) suction pressure, because the maximum 
pressure of the tank is 12 bar (abs), at an air flow: 

Mair,exp =  500 m3/h = 0.179 kg/s (at 20 oC and 60% relative humidity)  (7) 

In the equations will be used the mass flow rate in [kg/s]. 
In [7], the inlet pressure is the maximum allowed, but is not the working pressure. If we 

keep the same expansion ratio, with pin = 21 bar (abs) and Pout = 4.5 bar (abs), we have: 

𝜋௘௫௣ =
௣೔೙(ೌ್ೞ)

௣೚ೠ೟(௔௕௦)
= 4.67                (8) 

The output pressure pout, for an input pressure pin of 10 bar (abs), will be: 

𝑝௢௨௧ =
௣೔೙

గ೐ೣ೛
= 2.14 𝑏𝑎𝑟 (𝑎𝑏𝑠)                    (9) 

Working with a normal oil injected compressor, it is supposed that the exit temperature 
from the compressor to be around 90oC. Because the storage compressed air tank is losing 
the temperature with about 1oC/h, Tin in the expander after 20 hours will be about 70oC. The 
total work of the expander is given by the equation: 

𝐿௘௫௣ = 𝑐௣ ∙ 𝑇௔௦௣ ∙ ቈ൫𝜋௘௫௣൯
ೖషభ

ೖ − 1቉ = 191616.7 𝐽/𝑘𝑔    (10) 

Thus, the isentropic power of the expander will be: 

𝑃௘௫௣,௜௦ = 𝐿௘௫௣ ∙
ெೌ೔ೝ,೐ೣ೛

ଵ଴଴଴
= 34.3 𝑘𝑊           (11) 

Working with an oil-free compressor, it is supposed that the exit temperature from the 
compressor to be around 270oC, and with a loss of 20oC, this will be 250oC, and thus we will 
have: 

𝐿௘௫௣ = 𝑐௣ ∙ 𝑇௔௦௣ ∙ ቈ൫𝜋௘௫௣൯
ೖషభ

ೖ − 1቉ = 29212.7 𝐽/𝑘𝑔   (12) 

𝑃௘௫௣,௜௦ = 𝐿௘௫௣ ∙
ெೌ೔ೝ,೐ೣ೛

ଵ଴଴଴
= 52.3 𝑘𝑊      (13) 

It is observed that in the case of using a free oil compressor, the power of the installation 
is increasing with about 52.5%. 

If we compare the increase in the electrical energy with about 18 kW, we see that the 
energy lost with cooling the air is about 11 kW from the equation (6), and we have an increase 
with 7 kW. We did not take into consideration the efficiency of power generator and other 
losses in the circuit. 
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In real cases, the temperature at the inlet of the expander is not above 135oC. In this case, 
the work and power calculated with the equations above are:  

𝐿௘௫௣ = 227913.0 𝐽/𝑘𝑔 and 𝑃௘௫௣,௜௦ = 40.8 𝑘𝑊   (14) 

The power of the installation will increase just about 19%, but the benefits of using the 
oil-free compressors is given by the possibility to have a bigger gradient of temperature loss 
in the air compressed tank, and in a longer storage time. The time increase in the case of 1oC 
gradient from 20 hours to about 270-70=200 hours (8 days), for the same power given at 
70oC, and make more attractive the idea of storage compressed air at high temperature, 
instead the reheating of it.   

4 Conclusions 

The major parameters in the analysis were storage pressure, air temperature and air mass 
flow, the mechanical work and available power of a small scale of maximum 40 kW CAES 
system with an oil free compressor. Few large CAES worldwide systems are known. Studies 
made on CAES systems, analyse different models at small scales, up to 1 kW discharge 
energy and at 12 bar storage pressures [12].  

INCDT COMOTI has developed a piece of equipment for converting the energy of 
compressed air into green electricity, using an oil injected screw compressor and an oil 
injected screw expander. Studies have also been made regarding a free-oil screw compressor 
with the characteristics described in the present work. Future research will consider replacing 
the oil injected screw compressor with free-oil screw compressor to develop the technology 
for adiabatic-CAES systems with storage of the excess heat created during compression, and 
reuse of it for reheating.  

It is estimated that this technology will become available at large scale and also at 
decentralised small scale in the near-future [13], where the use of free oil compressors at high 
pressure is an opportunity for further research and developing studies. Future research will 
thus focus on improving the free oil compressor systems and also the adiabatic storage tanks, 
for increasing the power and efficiency of the CAES systems. 
 
The research work presented herein was funded by the Romanian National Research Program. This 
work was done through the TURBOPROP 2019-2020 Program, run with the support of Ministry of 
Research and Innovation. 
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