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This paper presents a quantitative assessment model for the assessment of environmental load in 
gold production, which is based on environmental ecology, Life-Cycle Assessment and technical 
conditions of gold production in China. This model can make environmental assessment in terms 
of a set of indexes and quantitative approach by means of artificial neural network, which also 
improves the theory of Life-Cycle Assessment. 
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Introduction 
The historical progress of humanity is now achieved along 
with the imbalance and destroy of environment where the 
human live. On the one hand, nature resource is decreasing 
by mining and utilizing of humanity; on the other hand, a 
great deal of energy is consumed in order to develop the 
material civilization, where a lot of byproduct (waste 
residue, waste gas and waste water etc.) and abandoned 
product are emerged. Therefore, in these days the 
environment maladjustment is more serious and become 
severe problem to the globall. Obviously, it is necessary to 
study the impact of matelial production on environment. 

Gold is a typical material in modern society, which is 
needed by humanity and also gives severe impact on 
environment. This paper presents a quantitative assessment 
model for the assessment of environmental load in gold 
production, which is based on environmental ecology, Life
Cycle Assessment (abbreviate to LCA) and technical 
conditions of gold production in China. 

Principles and framework of Life-Cycle 
Assessment 

Life-Cycle Assessment (abbreviate to LCA) is the primary 
theory and analysing method for industrial ecology2. It is a 
process to evaluate the environmental load associated with 
a product, process, or activity. The evaluation is based on 
the identification and quantitative computation on energy 
and material consumptions and wastes released to the 
environment in order to assess their impact on environment. 
The assessment includes the entire life cycle of the product, 
process, or activity, including extracting and processing raw 
materials; manufacturing, transportation and distribution; 
use and re-use, maintenance; recycling, and final disposal. 

Because Life-Cycle Assessment is still at research phase, 
it has not been used at large scale and it must be improved 
in the comparability and reliability of assessment. The 
research of LCA mainly emphasizes on its principle and 
concept, it lacks concrete practice of assessment. 

Life-Cycle Assessment is composed of four parts (see 

Figure 1): goal definition and scope, life cycle inventory 
analysis, impact assessment and improvement assessment. 

Goal definition and scope 

The object of assessment in LCA is a system or process. 
The goal of assessment is to make sure the impact of the 
system or process on environment, which can finally be 
evaluated as a data. Therefore, the first step is to define the 
goal and scope in assessment. It is also the precondition to 
go to the next phase: inventory analysis. 

Inventory analysis 

Inventory analysis is a quantitative description to all 
substance and energy that input or output to/from the 
system or process. It is the beginning of quantitative 
assessment in LCA and the foundation to obtain a unique 
index to evaluate environmental load finally. The items of 
inventory analysis usually include resource consumption, 
energy consumption, gas waste, liquid waste and solid 
waste. 

Impact assessment 

Depending on the inventory analysis, impact assessment is 
to get an index which can measure the environment load of 
the system or process. It is a connection between inventory 
analysis and environmental load; it can outline the contour 
of the influence by the system to be assessed on 
environment. The process of impact assessment can be 
divided into three steps: classification, characterization and 
valuation. 

Classification is a process of permutation and 
combination according to the type of environmental load 
and inventory items; it can usually be divided into resource 
consumption, load to human health, load to environment 
etc. 

Characterization is to summarize the inventory items 
connecting to environmental load; it can be calculated as 
value for each environmental load. 

Valuation is to get a value for the final assessment of 
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Figure 1. The technique f~amework of LeA 

environmental load by summing up each environmental 
load with different weight. 

Improvement assessment 

Improvement assessment is to get an assessment conclusion 
and propose some suggestion to reduce the environmental 
load and improve the environment 

By all appearance, LCA is a predigested model; its 
pIinciple can be employed in all production departments. 

Single index for the utility assessment and its 
calculation 

The assessment indexes of LCA include many items such 
as resource consumption, energy consumption, gas waste, 
liquid waste, solid waste and so on. Each item represents an 
aspect in gold production while their combination reflects 
the relatio~ship between gold production and environment. 
The characteIistics of these indexes are as follows: 

• These indexes have different unit such as ton or cubic 
metre, they cannot be compared with each other 
directly 

• The features of these indexes are different from each 
other. For example, there are different physics meaning 
for resource consumption, energy consumption, gas 
waste, liquid waste and solid waste even they have the 
same unit, they cannot be compared with directly too 

• The numerical values of these indexes are quite 
different too. Due to the difference in assessment 
standard and numerical criterion, the numerical value 
of one index may be larger than another, but its value 
on environmental load might be smaller than the latter. 
For example, the numerical value of resource 
consumption is much larger than the numeIical value of 
harmful gas, but its environmental load value is smaller 
than the latter. 

We define the utility assessment on environmental load 
for an index as follows 

P;j ~1j( ~; ) j ~ J,L,n 

where: Pij-the utility assessment on environmental load 
for factor j in assessment index i, there are 11 

factors in index i 
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Cj-the environmental load value of factor j for 
assessment index i 

Sj-the allowable value or standard of 
environmental load of factor j for assessment 
index i it represents the basis requirement by 

human being to environment 
fi-the utility function (load value) of factor Fits 

value is in the region of [0, 1]. 
It is important to construct the utility functionfi since it is 

a transformation function. Usually, the value of utility 
function is selected from region [0, 1]3, this value cannot 
realize the principle of 'reward good and penalize bad'. In 
other words, when the environmental load value is under 
the national standard, the utility function should be negative 
so that reward can be realized; on the other hand, when the 
environmental load value exceed the nation standard, the 
utility function should be positive. Hence, we can define the 
utility function of assessment index on environmental load 
as follows 

c-s. 
Assume x = -' __ I 

Si 

where: x-the relative value between the environmental 
load and the national standard of the assessment index i. 

Similar to the learning function in artificial neural 
network, utility function can be defined as: 

1- e-kx 

j(x)= 1 -kx 
+e 

Functionf(x) is a curve with type S its shape is as Figure 
2 where k gets different constant. Value of K mainly 
depends on the influence of environmental index. Take 
noxious gas as an example, when it changes a little, it will 
be harmful to our health. Therefore, K should be either a 
very big value or a very small value. 

In general, utility function can be represented as: 

1- e-kx 
, C - S. 

P = where: x = -' __ I 

, 1+ Si 

The quantitative assessment model for the 
environmental load of gold production 

The main environmental loads of gold production are 
resource consumption, energy consumption, gas waste, 
liquid waste and solid waste according to the LCA model4,5. 

After the single index of utility assessment of the gold 
production has been defined, we can construct a 
quantitative assessment model for the environmental load 
of gold production as follows: 

k 

EF; = 2J1j 
j~l 

4 

ELV = I mjEF; 
i~l 

where: EFi-an equivalent value of the environmental 
load corresponding to index i of resource, energy, gas waste 
and liquid waste respectively (solid waste may not be 
compared in gold production). 

k 

mi - the weight of index i. Obviously, Imi = 1; 

EL V-environmentalload value 
The assessment of environmental load is based on the 

weighted sum of different equivalent value of the 
environmental load. Obviously, it is important for the 
assessment to determine the weight of each index. This 
paper provides a new approach to make decision on the 
weight for quantitative assessment with the help of artificial 
neural network6. 
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Figure 2. The utility function with type S 
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Figure 3. 3-layers BP model in artificial neural network 
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The assessment model is a 3-layers model in artificial 
neural network as in Figure 3. The first layer is input-layer 
with 4 nodes (Zl Z2 Z3 Z4 represent resource consumption, 
energy consumption, liquid waste and gas waste 
respectively), one can input equivalent value of the 
environmental load for each node. The second layer is a 
hide-layer with 7 nodes (Yl, Y2, Y3, Y4, YS, Y6, Y7), which 
is used to adjust the relation between different indexes. The 
third-layer is an output-layer with unique node (H), which 
represents the final value of environmental load for gold 
production. Vu is the weight connecting input-layer and 
hide-layer, Wi is the weight connecting hide-layer and 
output-layer. Here, the learning algorithm for neural 
network is a backward-propagation algorithm (BP 
algorithm). 

3 Calculate output of each node from input-layer to 
output -layer 

The learning algorithm is as follows: 
1 Initialization. Let learning rate 11=0.01 momentum 

coefficient a=O.l Zi=Yi=-l 
2 Select Vij and Wi as random data between -O.S and O.S: 

5 

neti = L V;j Zj,i = 1,2, ... ,7 
j~l 

1'; = f(neti ) 

7 

net = LWi1'; 
i=l 

H = f(net) 

1-e-x 

f(x)=--_ 
1 + e x 

4 Calculate the system error. If there are n training 
samples, the average variance for system elTor is: 
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Where: Dj-the expecting output of training sample i 
Hi-the actual output of training sample i. 

5 If E is less than required error or iterative steps are 
greater than required one, the learning algorithm 
terminates. 

6 Calculate the learning signal d of each node 
00 = (D-H)! (net) 

. OJ = ffijO,j (netj), i = 1,2, ... ,7 

7 Modify the weight along the descend direction of 
gradient 
ffij (H 1) = ffij (t) +llooYj + CX[ffij (t) - ffii (t-I)] 
Vij (t + 1) = Vij (t) +lloZj + cx[Vij (t) - V ij (t-I)] 

8 Go to step (3). 

The calculation for the environmental load of 
gold production 

There are 7 kinds of different operational technologies in 
gold production, such as thiourea method, thiosulphate 
method, thiosulphite method, LSSS method, modified 
LSSS method, polysulphide method and cyanide method. 
They can be sorted in sequence according to their 
environmental load. 

Establishment of training samples 

The training samples are shown in Table I, their values of 
environmental load are in region of [-1, 1]. Training 
samples 1, 2, 3 are in ideal status, training sample 4, 5 
correspond to gold production operational technology 1 
(thiourea method) and 7 (cyanide method) respectively, 
their load value are confirmed by the local authorities. 

We use 5 samples of table as training sample to establish 
a BP model of artificial neural network, which has 4 input
nodes, 7 hide-nodes and one output-node. The training 
samples are input into the model to train the network 
according to the steps 1-8 as described in previous section. 
After calculation of 73 iterations, its average variance of 
system error E<O. 000 1, and the artificial neural network 
can completely identify all samples see Table n. Its 
identification rate is approximate to 100%. 

Then, the complex relationship between the 
environmental load type and environmental load value of 
gold production are set up. The result would be more 

Table I 
Training samples of environmental load 

Sample Load type Load value 

Resource Energy Liquid waste Gas waste 

1 -1 -1 -1 -1 -1 
2 0 0 0 0 0 
3 1 1 1 1 1 
4 0.0528 -0.2193 -0.3214 -0.4853 -0.3025 
5 -0.2080 0.6591 0.8011 0.9911 0.5608 

Table 11 
The learning result of artificial neural network 

r---" 
Sample number 1 2 3 4 5 

Trained value -1.0002 -0.0063 0.9987 -0.2980 0"5611 
Expectiug value -J 0 I -0.3025 0.56 
Relative error (%) 0.02 0.63 0.13 1.4876 0"1964 
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accurate if the number of samples are large enough. 

The calculation of single index for environmental load of 
gold production 

Each gold production method must consume a lot of 
resource and energy, at the same time it also produces a 
great deal of exhaust gas and waste water; for example, in 
order to deal with 1,000 kilogram ore which contain 5 gram 
gold, thiourea method can be used. It will consume 7.6 mol 
thiourea, 12.6 mol sodium sulphite, 20 mol ferrous 
sulphate, 9.8 mol sulphutic acid and about 2.286x107 joule 
energy (including heat energy and mix round energy), 
produce waste water and waste gas which have 70 mg/L 
thiourea, 1800 mg/L sulphate, about 0.32 mollL sulphur 
dioxide. Then the single index of thiourea method for the 
utility assessment on environmental load can be calculated 
according to the fOl1llula in section (3), the result as follow: 
resource load is 0.0528, energy load is -0.2193, liquid waste 
load is -0.3214 and gas waste is -0.4853. Figure 4 to Figure 
7 illustrate the calculation result for the equivalent value of 
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Figure 4. Load value of resource 
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Figure 5. Load value of energy 
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Figure 6. Load value of waste water 
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Figure 7. Load value of gas waste 

environmental load of single assessment index, which is 
based on 7 kinds of different operational technologies in 
gold production. 

In Figure 4 to Figure 7, number 1 represents thiourea 
method, number 2 stands for thiosulphate method, number 
3 for thiosulphite method, number 4 for LSSS method, 
number 5 for modified LSSS method, number 6 for 
polysulphide method and number 7 represents cyanide 
method. 

Table III illustrates the calculation result for the 
equivalent value of the environmental load of single 
assessment index. 

The environmental load assessment of gold production 

Using the 3-layers artificial neural network trained, the 
environmental load value can be calculated by inputting the 
value of single index for the environmental load of each 
operational technology for gold production (see Table H), 
the result is shown in Table HI and Figure 8. 

The integrative environmental load value can be sorted in 
sequence as: cyanide method, polysulphide method, 
thiosulphate method, thiosulphite method, LSSS method, 

Thiourea method and modified LSSS method according to 
the Table IV. The environmental load value of cyanide 
method is the biggest one and the mModified LSSS method 
is the smallest, which are in coincidence with the fact. It 
proves that the new assessment approach is successful and 
reliable. 

(I) 
:s 
iii 
> 

"C ca 
0 

...I 

Conclusions 
• An utility function of assessment index on 

environmental load is given in this paper by linear or 
nonlinear transformation, which changes assessment 
indexes with different dimension and different meaning 
into an equivalent value in range of [-1, 1]. By means 
of utility function it can emphasizes not only on the 
principle of 'reward good and penalize bad' but also 
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Figure 8. The result of environmental load forecast for seven 
kinds of different operational technologies 
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Table III 
The result of single assessmeut index on environmental load 

Number Alternative name Load type 

(method) Resource Energy Liquid waste Gas waste 

1 Thiourea 0.0528 -0.2193 -0.3214 -0.4853 
2 Thiosulphate 0.1030 -0.0848 -0.2335 -0.4666 
3 Thiosulphite 0.0905 -0.0810 -0.2335 -0.4666 
4 LSSS 0.0358 -0.1288 -0.2272 -0.4666 
5 Modified LSSS -0.0804 -0.1792 -0.2940 -0.4818 
6 Polysulphide 0.0092 -0.0912 0.2368 -0.4964 
7 Cyanide -0.2083 0.6591 0.8011 0.9961 

Table IV 
The result of environmental load forecast by artificial neural network 

Number Alternative name Load type Load value 

(method) Resource Energy Liquid waste Gas waste 

I Thiourea 0.0528 -0.2193 -0.3214 -0.4853 -0.298 
I 

2 Thiosulphate 0.1030 -0.0848 -0.2335 -0.4666 -0.2323 
3 Thiosulphite 0.0905 -0.0810 -0.2335 -0.4666 -0.2372 
4 LSSS 0.0358 -0.1288 -0.2272 -0.4666 -0.2574 
5 Modified LSSS -0.0804 -0.1792 -0.2940 -0.4818 -0.3829 
6 Poly sulphide 0.0092 -0.0912 0.2368 -0.4964 -0.1129 
7 Cyanide -0.2083 0.6591 0.8011 0.9961 0.5611 

-
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makes it easy to train artificial neural networks. 
• A quantitative assessment model for the assessment of 

environmental load in gold production is proposed in 
this paper with the help of artificial neural network. 
This model can make environmental assessment in 
terms of a set of indexes and quantitative approach. It 
has many advantages such as calculating briefness, 
evaluating impersonality, strong sufferance of elTor and 
high reliability. The integrative load value can be 
calculated immediately after you input the value of 
single index (resource, energy, liquid waste and gas 
waste) for the environmental load. 

• The proposed approach in this paper has been 
successfully used to a real synthetic assessment for the 
environmental load in gold production, which includes 
7 kinds of different operational technologies (thiourea 
method, thiosulphate method, thiosulphite method, 
LSSS method, modified LSSS method, poly sulphide 
method and cyanide method) in China. 

The applications prove that the new approach is 
successful and reliable. It provides a new tool for the 
assessment of environmental load of the gold production. 

Acknowledgement 
This project is supported by National Natural Science 

350 

Foundation of China (No. 59674019) . 

References 
1. XI, D. Cleanliness production, Chongqing university 

publishing company, (in Chinese). 1995. pp. 167-195. 

2. ISO/DIS 14040-(Committee draft), Environmental 
Management: Life Cycle Assessment Principles and 
Framework. 1995. 

3. HAMILTON, K. Sustainable Development, the 
Hartwick Rule and Optimal Growth. Environmental 
and Resource Economics, 1995,5, pp. 393-411. 

4. LIU, J., QIAN, X., and DING, P. etc. 
Panenvironmental Loadings and an Environmentally 
Economical Benefit-cost Analysis for Iron and Steel 
Materials, Advances in Environmental Science, vol. 
6,no. 4, (in Chinese). 1998. pp. 64-69. 

5. LIU, J., LI, H., and DING, P. The quantitative 
assessment model for the environmental load of 
material, Academic journal of Lan Zhou University, 
(in Chinese) 1996.32: pp. 56-63. 

6. SALT D.W. et al. The use of Artificial Neural 
Networks in QSAR. Pestic. Sci., vol. 36, no. 2, 1992. 
161 pp. 

APCOM2003 




