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Abstract. Optimization and management methods of energy utility systems of a natural-gas 

processing plant have been developed. They are based on design of a rational energy-balance 

involving gaseous waste, using them in the processes of electricity, heat, cold generation. Examples 

of an energy consumption management are presented in dependence on scheme parameters of 

process industry. Technical solutions of design of energy efficiency fuel utility system are given. 
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Introduction 

Fuel gas consumption of utility units and process units at a natural-gas processing plant 

(NGPP) depends on scheme, type of process, production capacity, operation moods, condition of 

equipment, maintenance, rate of combustible waste (CW) recovery, regional factor. It is 17-94 m3 

per 1000 m3 of produced gases and it tends to increase during last few years. A fuel utility system is 

a part of an energy utility section of NGPP. The feature of the fuel utility system is relationship with 

a process system (PS) and the energy utility system (EUS) through continuous process. This may be 

explained by the fact that process gases, wastes (fluid wastes with variable composition) are used 

internally as fuel. That is why methods of optimization and management of the fuel utility system 

and the EUS as a whole are due to maximum usage of CW internally. It allows to reduce the need 

for fuel for process units and energy units (e.g. electricity, hot, cold generation). In addition internal 

usage of CW reduces import energy resources such as electricity, steam. Due to this energy 

consumption of external energy sources is reduced. 

Optimizing of the fuel utility system is done in the following stages: 

– design of a structure of object, goals and methods of researches; 

– selection and justification of energy efficiency indicators; 

– development of software models and algorithms; 

– creation (synthesis) of optimal EUS; 

– development of technique able to improve energy efficiency of EUS according to unique 

scheme and processes. 

 



A structure of the fuel utility system. 

The design of the structure of the fuel utility system is the first step to achieve the goal of 

optimization of fuel consumption. It is based on top-down approach and disaggregation methods of 

analysis of a complex system. 

In outline process scheme of the NGPP is presented in Figure 1 below. This scheme is 

appropriate for NGPP processing variable raw materials – gas, gas condensate and producing wide 

range of commercial products. 
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Figure 1. The scheme of relationships between fuel utility system, energy utility units, 

process units and external energy supply system 

A matrix-model shows interrelations of gaseous flows with process units and utility units as 

illustrated in Table 1 below. 

Table 1. The matrix of relation between gaseous flows, process units, utility units 
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Combustible process gas of 

stabilization units 
 1  

2 

 1  

2 

 1  

2 

 1  

2 
2       

Commercial gas    1        

Compressed commercial gas 2 2 2 2 2 2 2 2 2 2 2 

Hydrogen gas  
 1  

2 
         

1 – production of energy resource, 2 – consumption of energy resource 



The problem of fuel utility system optimization in general form is represented as a careful 

energy and material balance (EMB) with maximum usage of internal energy recourses and CW. 

Model-based method has been used for development of EMB and calculation of energy efficiency 

indicators of a fuel utility system according to its structure and the matrix of gaseous flows. An 

information graph has been developed for the NGPP with conversion of raw materials, recirculation 

of intermediate product, internal production of electricity and heat. This is illustrated in Figure 2. 

Converting indices of the graph correspond to the following energy and process flows: 

 n,...,,  21  - process flows;  nb,...,b,b 21  and  n,...,, ββ21  - fuel flows; δ  - heat flows. 

Generally mathematic description of fuel generation or consumption depending on 

variable process, regional, economic factors is presented by the following equations: 

Production of commercial gas ( CV ) and process gases ( PGV ) at process units: 
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PGCCPG λ ; (1) 

fuel consumption (commercial gas and process gas) at process units: 
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CPGPU  ; (2) 

fuel consumption from an internal source of heat and electricity – auxiliary power units 

(APU) for steam production: 
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heat production in waste-heat boilers (WHB) of process units: 
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1

PUWHBRER ; (4) 

heat consumption of NGPP from an external source (a boiler house): 

AUPRERPUNGPP QQQQ  ; (5) 

fuel consumption in a boiler room for heat generation to NGPP and auxiliary energy 

consumption: 

AEBRLHW

NGPP

BR
Q

Q
B  . (6) 

Where: 

LHWQ  - lower heating value of gas used in a boiler room; BR  - energy efficiency of boiler units of 

an external energy source; AE  - coefficient of auxiliary energy consumption in a boiler room 
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Figure 2. Informational graph of calculation GPP energy-balances and fuel consumption of 

external energy-source: 

tops: 1 – initial data; 2 – material balance; 3 – fuel-balance of processing and utility systems; 4 – 

heat-balance of waste-energy utilization system PS and EUS; 5 – heat-balance of NGPP; 6 – heat 

and fuel balances of boiler room; 7 – energy balance of system of steam compression; 8 – heat 

and fuel balances of auxiliary power units (APU) 

initial data and variables: PUQ , jP  – heat consumption of process units, steam pressure at the 

current level of energy utility system;  nV,...,V,V 21 ,  nB,...,B,B 21  – process and fuel flows; 

CGFk  – condensate-gas factor (ratio of gas condensate amount to total volume of process gas); 

 HBnHBHB QQQ W2W1W ,...,, , APUQ , NGPPQ  – WHB thermal output, APU thermal output, heat 

consumption of NGPP from the boiler room; BRB  – fuel consumption in a boiler room; RB  – 

fuel lost from high-pressure steam reducing to pressure in boiler room jP  

 

Perfect structure and operation mode of PS and EUS is absence of import of heat. The 

equation (5) may be expressed as: AUPRERPU QQQ  . It can be realized by CW using as a fuel 

in auxiliary power units. 

Mathematical models of units of CW utilization and units of heat, cold, electricity 

production have been designed. These models have to consider schemes and operation factors as 

much as possible accurately. For example, consider the fuel utility system of a facility of NGPP. 

The facility recovers CW and generates heat by WHB and cold by absorption heat transformer 

(AHT). Schematic diagram is illustrated in Figure 3 below. 

The amount of additional fuel from commercial net depends on: CW performance, WGG , 

heating value of CW, WG

LNWQ ; heating value of fuel gases, LNWQ ; cooling output AHT (thermal 

output of the evaporator), 0Q ; heat load of heat consumer, HCQ ; temperatures in AHT – higher 

(into the generator) GT , lower (into the evaporator) 0Т , medium (cooling fluid in the cooler) 

MT ; coefficient of heat saving of the cyclone burner C.B , the WHB WHB , the generator AHT 

G . 
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Figure 3. The facility with waste gases utilization and energy (heat, cold) production: 

B – cyclone burner; WHB – waste-heat boiler; U – heat user of process units; А, G –absorption 

and generation units of AHT; K – condenser; T – throttling device; E – evaporator; P – pump 

A desired dependency of fuel gas consumption as a function of scheme factors and 

operation moods has been obtained in according to relationships of items of the facility with 

waste gases utilization and heat, cold production. The items necessary for definition of the 

dependency of fuel gas consumption are shown in Figure 4 below. 
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Figure 4. Diagram of the facility with waste gases utilization: 

1 – AHT; 2 – WHB; 3 – the cyclone burner; WHBQ , GQ  – heat load (heat output/input) of WHB 

and the generator of the AHT; В – fuel gas consumption 

 

A mathematical formulation of the considered problem is formed as functional 

dependency and can be defined as: 

   CBWG
WG
LNWWHBGM00GHCWHB3 ,,,,,,,,,  GQQТQТQQQfB LNW . (7) 

 

The problem has been solved sequentially beginning with the first item (AHT). A 

dependency  GGM001G ,,,, TTQTfQ   has been defined for AHT. An analytical dependency of 

an input variable on input shifting factors of process units and a temperature of cooling medium 

has been obtained. A known equation of specific heat consumption at AHT has been used for 

finding the analytical dependency. The analytical dependency is given by 
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A desired dependency  WHBGHU2WHB ,, QQfQ   for the second item (WHB) is 

obtained from an equation of an energy balance of the item. That is: 

  WHBGHUWHB QQQ  , (9) 

The heat load HCQ  is a given value. 

A dependency of fuel gas consumption on influencing process factors 

 CBWG
WG
LNWLNWWHB3 ,,,, GQQQfB   for the third item (the cyclone burner) has been found by 

calculation of an energy balance of this item. That is: 

  LNW
WG
LNWWGCBWHB QQGQB    (10) 

A final equation has been found by substitution formula (8) – (10) into the equation (7). 

The final equation enables to determine the dependency of fuel consumption on influencing 

input factors. That is: 
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Moreover, fuel consumption of process units and utility units depends on production 

rates of separate units in accordance with their schedule of maintenance or major refurbishment. 

This operating factor was taken into account as appropriate load factors of units by analytical 

models of calculation.  

A control algorithm of fuel consumption is based on operation modes of units. The 

operation modes have been developed by means of analytical models and software. 

One of possible type of operation modes for the facility with waste gases utilization and 

heat, cold production as a phase diagram is shown in Figure 5. As a system parameters the 

following data were taken: HUQ  = 1030 kW, WG

LNWQ  = 23 MJ/kg, LNWQ  = 36 MJ/m3, WGG  = 

0,05 kg/s, MT  = 303 К, GT  = 413 К. 

Operation modes of boilers and external source of heat in accordance with changing 

load factors of NGPP are formed according to the equations (1) – (6). Achievement of the 

controlling goal for NGPP processed sulfur-rich raw gas is shown in Figure 6. Finally dynamic 

dependencies (function of raw materials load) are defined. The dynamic dependencies are 

production capacity of the boiler room and quantity of working boilers. 

Design solutions of increasing the efficiency of fuel utility system through recovering 

CW are implemented in creating process units of absorbent recovery [4, 5] and internal source of 



energy and water supply with high extent using of wastewater and secondary energy resources 

[6]. 
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Figure 5. The phase diagram of the facility with waste gases utilization 

and energy production 

Simulation of operation conditions of the process units of NGPP in operation enables to 

obtain the significant data. For example, the development of a dehydration unit with the help of 

implementation of energy efficient facility of absorbent recovery enables to reduce fuel gas 

consumption by 30-36%. Specific fuel gas consumption (to 1000 3m  drying gas) is 0.317 3m , 

that is less than 0.178 3m . For the unit with production capacity (recycled absorbent) of about 

3103.43  t/yr. savings will be 28000 EUR, payback will be less than 2.5 years. 
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Figure 6. Operation moods of the boiler room under variable production rate 



The implementation of an internal source of energy and water supply with CW 

utilization for large NGPP enables to reduce 12-14% of specific year fuel consumption for 

production of 1MW. Ten year savings in accordance with the type of plant are 122000-277000 

EUR per MW. Internal rate of return (IRR) is 22-26%; payback is 7-9 years. 

Conclusions. Developed optimization and management methods of EUS of process 

industries, models of material and energy balances calculation in accordance with process 

factors, operation conditions enable to design main directions and specific technical solutions for 

using CW as a fuel. Altogether, it will result in reducing energy consumption from external 

sources and reducing fuel consumption at all. 
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