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ABSTRACT

In order to solve consumer issues about purchasing raw materialsin Iron
and steel enterprises, byproduct gas - steam - electric energy optimization
model is proposed. The model is mainly for the steel companies on
transformation between byproduct gas energy, steam energy, and electrical
energy, so that the recovery energy can meet the demand for process and
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eectricity, get optimal utilization in gasand steam, and achievethe minimum
value of raw materials Procurement in enterprise. Finally, by programmed
and software emulation to obtain optimal efficiency and minimumvaluein
consumption. The model is based on the rational allocation of secondary
energy, so that Iron and steel enterprises can purchase necessary energy

reasonably.

INTRODUCTION

At present, tough market conditions, the problem
of resources, energy and environmental constraintsare
increasingly severe; China’skey sted enterprisesinthe
sintering, coking and other important processeshavea
gap energy consumption compared with theinterna-
tiona advanced level, secondary energy recycling effi-
ciency isnot highly, energy management system still
needsimprovement!*3. How to makefull useof iron
and sted enterprisessurplusenergy, for example: gas,
thermal®®, e ectricity, power and steam, isthedirection
of social aswell asthenational concerning. So much
rich energy, on the basis of meeting supply and demand
ba ance, play their nature, maketheentireenergy vaue
of theminimum, achievethetarget constrained in pro-
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duction run, improvethe utilization of secondary en-
ergy'®, at the sametime, meet the businessproduction
plan, for compani esto reducethe purchase of consumer.

IRONSAND STEEL ENTERPRISESEN-
ERGY

Steel companies have many processeswith com-
plex, richinresource, roughly dividedin: sintering pro-
cess, coking process, blast process, and the converter
processand so on. Systemismainly composed of: iron
making, steelmaking, casting, rolling, etc.l. Astech-
nology improved, utilization of steamisbroadening, in
the northern region, winter isa so thetimeto take ad-
vantageof it asthe primary purposeof heating; summer
will beconverted to € ectricity generation asrefrigera:
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tion systems. Therefore, from the perspective of en-
ergy useanaysis, Iron and stedl enterprisesisnot only
alargenumber of surplusgas can be stored according
to the gastank, and may be makethelimited gasre-
sources allocating to the corresponding buffer steps
reasonabl e, or supplied directly to the outside, access
tonatura gas, liquid gas, electricity, etc., and Convert
economicinterests. Inthe steel industry complex pro-
cess, alot of heat generated, including waste heat, in-
termediate productsor product sensible hesat and | atent
heat, also alot of steam generation, asone of theim-
portant secondary energy, and extensive use of steam,
acrossvariousproduction systemsinenterprises. There-
fore, if closely contact and analysistheindividual en-
ergy, can known that can be converted between each
other, so that you can fully mobilizeall secondary en-
ergy. Thisconversion can make morethan the energy
todoitsduty, fully display their strengths, improving
secondary energy utili zation, and improvetheeconomic
efficiency of enterprises.

ENERGY ANALYSES

Secondary energy

Iron and stedl enterprises purchased energy mainly
make of cod, electricity, gas, etc. Other energy come
fromtransformation, itsenergy system consstsof: cod,
gas, eectricity, water, and steam, and severd other sub-
systems. Asoneof the necessary energy for themedia
inironand stedl enterprise production, steam actsasan
important role, about 10%. Of these, about 70% of
recyclablewaste heat steam. Similarly, by-product gas
asanimportant secondary energy, accounting for about
40% of total energy consumption in enterprises, and

today istheexistence of acommon phenomenonisthe
amount of gasproduced isdwaysgreater than the con-
sumption of production processes, accurate adjustment
of gasconsumption, avoid un-buffered, dissipatealot
of wasted energy situation. Asanother important steel
heat energy, accounting for about 37% of energy con-
sumption, towastegas, waste productsand other forms
of heat consumption.

Byproduct gas

Iron and steel enterprises about 70% make of the
coal, and about 30% of feed produced through there-
action of work asthe blast furnace gas (BFG), con-
verter gas (COG), coke oven gas (LDG) and other
byproduct gas®, thesynthesisgasisacleanenergy is
also animportant chemical raw material. Cokeoven
gasand blast furnace gasisthe calorific value of the
gas¥, canbeused asfue for civilian. It mainly compo-
nents of carbon monoxide methane hydrogen oxygen
carbon dioxideunsaturated hydrocarbon nitrogen smal
amount of hydrogen sulfidetar and phenol water. In
fact, the generation of product gasisnot stable, most
need to long-distancetransportation, when thedevice
Is started or stopped burning, can lead to Vice coal
airway network pressurefluctuations. Thus, the effi-
cient useof by-product gasisachallenge®ty,

Seam

Theuseof steamisinanimportant positioninthe
ironand sted enterprises, and mainly generated through
high temperature by flue gaswaste heat boiler, the heat
from sintering and coking process, after interna hesting
boiler production remaining steam, aswell as power
generation by steam power generators after the
backpressure steam, and other recycling, etc.. Steam
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ismainly carried out in accordance with theroleof dy-
namic action and thermd propertiesof thetwo usetheir
ownways. Inthested industry, thesteam isequiva ent
toavery important system. It mainly constituted by three
subsystems: generating subsystem, conversion transport
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subsystem, and the user subsystem!*3. Steam system
sructurediagramisasfollows:

Produce waste heat recovery equipment sub-
systemsinto power generation and steam generating
equipment, theflow chart for it:
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Figure3: Resear ch in energy system flow chart

Vapor collection needsarising converted transport
subsystem accumul ator pressurereducer and other af-
ter the steam network supply subsystems. Therefore,
the use of steam and living way into production user
use31 theflow chart asfollows:

Theestablishment of ener gy optimization model

Fromtheaboveandyss thested internd complexity,
involving extensive range of secondary energy, fully
schedul e of theenergy, isatop priority in energy con-
servation. Under theoveral consideration based onthe
idedl of stedl, research byproduct gas, steam and elec-
tricenergy asthemain target, intheiron and steel en-
terprises, themain part of the need to purchaselisted
aseectricity, cod, gasvolumethreeraw materids, af-
ter the step of using the product to produce the corre-
sponding productsof stedl, etc., under the production
process will generate alot of use of byproduct gas,

steam. Actual production processmay beproducedin
the same part of the corresponding need to consume
energy, that part gas, and part of the steam production
processes need to return to the secondary use, if not al
that isrequired under thecircumstances, theremaining
gasand steam through the use of varioustechnologies,
such as power generation, to meet the el ectricity de-
mand in production processes.

Accordingtothestudy flowchartis:

According to theflowchart, energy optimization
modd is

Objectivefunction:
minY =M xym+ Qb x yd + Qv x yg @

The objectivefunction representsthe enterprise
vaueof the purchase or consumption of raw materias
Inaminimum.

Among: Y-representsthetotd va ueof the purchase
price, Yuan; M-representsthe amount of purchasing
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coal, t; Q,-representsthe amount of purchasing elec-
tricity, KWh; Q, -representsthe purchases of gas, m?;
YYoY,represent the purchaseof cod, eectricity,
gassinglevauet/Yuan, KWh/Yuan, m¥/Yuan;
Onthebas sof the conditionsof the processequip-
ment isworking properly and establishesthecongtraints:
The condraintsfor gasenergy:
& Qgas< Qv + Qg1 x o 2
Among: Representsthe sum of the purchaseand
theamount of gasrecovered part of the production pro-
cess to meet the demand for gas; Q__-expressed en-
terprises byproduct gas demand, m?; le-repreﬁents
theamount of gas generated in business processes, me;
a- representation byproduct gas usagefor process
requirements, %;
b:Qui<mixM +A1xQp 3
Among: Said production step, thedectricity consump-
tion of coal and the amount of gas that can be pro-
duced to meet the conditions; - represents coal con-
sumption rate,%; A..- means power consumption,%o;
C:Quixa<Q1c 4
Among: Recover part of thegasused inthegasto
meet the storage cabinet; Q, -meansthat the storage
capacity of the gastank, m3; the energy of the steam
condrants.
aQzn<QzxP (5)
Among: Said part of therecovery processsteamto
meet the demand for steam; Q , -expressed demand
for businessprocess steam, kg; - Said demand for its
own processes using recycled utilization rate%; Q -
enterpriserepresentstheamount of steam generatedin
the step, kg;
b:Qzi<m2xM +A2x QD (6)
Among: Said production process, the amount of
coal and steam consumption of el ectricity can begen-
erated to satisfy the condition;
C:QzxPB<Q1s (7
Among: Said vapor recovery storage capacity
needed to meet; Q, - meanssteam storage; The elec-
tric power congtraints:
Qui sQD+(1—a)nglx|_u+(1—B)xQz1xu2 (8)
Among: Said power need to meet conditions; -
said the conversionrate of product gasasconvertedto
electricity,%; p,-said the conversionrate of steam as
converted to eectricity,%;

For theconversion rate congtraints:
a0<ax<l
b:o<p<1 9)
For non-negative congraints:

M,Qpb, Qv,Qg1,Q1,¢,Qz,Qz1,Q1,5,Qdi = 0 (10)

THE MODEL RESULTSANALYSIS

Select aniron and stedl enterprisesto use energy
optimization modd andysis®; idedly set byproduct gas
demand is 70, the amount of gas produced is 80, the
demand of steam energy is60, generation of steam en-
ergy itself is80, power demand in enterpriseis 200, for
the purchase of raw materials coal is80tons. Onthe
current situation, the coal priceisset to 2,000 Yuan,
Thepriceof electrica energy isset to 0.53 Yuan, and
thegaspurchasepriceisset at 2.31 Yuan.

Programming and smulaiionin MATLAB software

TABLE 1: Set avariable’svalue

Name Set thevalue
The gas consumption values 70
Steam consumption value 60
Power consumption value 200
The gas generated values 80
The steam produced value 80
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Figure4: Thesimulation diagram
TABLE 2: Set avariable’svalue

Name Set thevalue
The gas consumption values 100
Steam consumption value 100
Power consumption value 200
The gas generated values 80
The steam produced value 120
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to get theresults of theresearch target value and effect
of thegraphis:

Modé istheoptima corporate minimum consump-
tionis160,000 +152.122Yuan. The valueof thegas
used in the production processis 65.52%, the steam
valueusedinthe production processis80.9%, and last
isusedto generatedectricity.

Or inanother settingisasfollowed:

S0, such acase, do not need to purchase power,
all gasfor power generation, and 41.39% of the steam
for processuse, Therest can beused to generate elec-
tricity. And at thistime, what to obtainthe va ue of raw
materia purchaseistheminimum.

CONCLUSIONS

Theestablishment of themulti-energy optimization
model, making theminimum consumption of steel com-
panies, rationa useof energy, rationa distribution of
energy usage, play model advantagesin energy saving
targetsin complex processes. Based on theiron and
gted enterprisesthroughout theided system, moddling.
Theshortcomingsof thismodd isastaticmodel in con-
sideration, using classification processin amatter of
timeand energy production cascadeisthemainresearch
god sfor future, making the product gasin blast furnace
gas, converter gasusage and various coke oven gasto
get preciseconversion rate, the sseamin high-pressure
steam, medium pressure steam, low pressure steam and
other categories of energy, on the basisof thismode,
get accurate conversionrate, makingiron and sted en-
terprisestoanew level inenergy saving.
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