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Executive summary

The mining and quarrying (M&Q) sector 

plays a pivotal role in ensuring access to raw 

materials essential for Europe’s strategic 

autonomy and industrial competitiveness. 

However, this sector also poses significant 

energy and environmental challenges due 

to the intensive use of fuel, electricity, and 

water, coupled with its often-remote 

operating conditions. Enhancing ener-

gy efficiency within these operations is 

no longer just a goal but a critical pillar for 

achieving economic resilience, sustainability, 

and climate neutrality.

This volume of the Reference Handbook is 

developed as part of the Energy Efficiency 

Module within the ROTATE project (Circular 

Ecological Essential & Critical Raw Materials), 

an EU-funded project under Horizon Eu-

rope. The ROTATE project aims to facilitate 

environmental and systemic transformation 

in extractive industries by promoting circu-

larity, digitalization, and energy transition 

solutions tailored to the mining and quarrying 

context.

ROTATE recognizes that energy optimization 

is one of the most tangible levers for de-

carbonizing the M&Q sector, often yielding 

measurable cost savings while also reducing 

greenhouse gas emissions. To support this 

vision, this handbook offers a comprehen-

sive, practical, and adaptable methodology 

for implementing energy audits, identifying 

inefficiencies, and proposing data-driven 

improvements across quarry sites.

Rooted in established European standards, 

such as ISO 50002:2014 for energy audits 

and UNE-EN 16247 series, this module 

adapts best practices specifically for aggre-

gates and mineral extraction sites. The 

procedures herein are tested and refined 

within the framework of ROTATE’s case 

studies and pilot sites, ensuring real-world 

applicability.

Key components covered in this handbook 

include:

	· Methodologies for planning and con-

ducting energy audits,

	· Quarry-specific assessment procedures 

for buildings, processes, and transporta-

tion systems,

	· Tools and instruments required for 

measurement and monitoring,

	· Guidelines for analyzing energy con-

sumption and environmental conditions,

	· Integration of renewable energy systems 

and digital automation,

	· Prioritization frameworks for improve-

ment actions based on investment costs, 

energy savings, and implementation fea-

sibility.

Moreover, this volume introduces a 

self-assessment algorithm designed to help 

quarry operators determine the most suita-

ble level of energy analysis (diagnosis, audit, 

or optimization) based on the availability of 

site data. This ensures scalability and flexi-

bility, accommodating both small-scale and 

large-scale operations.

The final goal of this module is not only to 

promote energy-efficient operations in the 

short term but also to prepare the sector 

for future regulatory frameworks and mar-
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ket demands tied to sustainability, digital-

ization, and transparency. In doing so, the 

ROTATE Energy Efficiency Module seeks 

to empower site managers, energy experts, 

and decision-makers with the tools and 

knowledge necessary to lead the transfor-

mation toward a greener extractive industry.

Executive summary
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List of Abbreviations

European UnionEU

GreenHouse GasGHG

Abbreviation Description

GigajoulesGJ

MegacalorieMcal

MegajouleMJ

Million British Thermal UnitMMBTU

Cubic metresm³

PhotovoltaicPV

Tonnest

ThermsTh

KilogramsKg

Kilowatt-hourskWh

LitresL

Low Calorific ValueLCV

Liquefied Petroleum GasLPG
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1.	 General concepts 

Based on the ISO 50002:2014 (ISO 

50002:2014(En) Energy Audits — Require-

ments with Guidance for Use, 2014), an energy 

audit comprises a detailed analysis of the energy 

performance of an organization, equipment, 

system(s) or process(es). It is based on appro-

priate measurement and observation of energy 

use, energy efficiency and consumption. Ener-

gy audits are planned and conducted as part of 

the identification and prioritization of opportu-

nities to improve energy performance, reduce 

energy waste, and obtain related environmental 

benefits. Audit outputs include information on 

current use and performance, and they provide 

ranked recommendations for improvement in 

terms of energy performance and financial 

benefits.

2.	 General energy audit 
methodology
An auditor to carry out an energy audit needs 

to follow a specific methodology that com-

prises multiple steps as described in the European 

standard UNE-EN 16427-1 (Mbaye, 2022). Each 

step of the energy audit flow process is funda-

mental, and the approach must be systematic. 

The steps involved in conducting an energy audit 

for an organization are as follows.

FORM A TEAM
A well-defined and comprehensive audit team is 

essential. This team may consist of both internal 

01Energy Audit Framework

and external members when an external 

company leads the audit. In cases where an ex-

ternal company conducts the audit, it is crucial to 

involve at least one member from the technical/

utilities department and equipment users. 

To ensure a successful audit, it is imperative 

that the team is diverse in its expertise. Auditors 

should possess skills and experience that align 

with the audit’s scope and objectives.

SET SCOPE & GOALS
The scope of the audit should be defined in ad-

vance. The organisation as a whole can be 

divided into sub-parts, all or some of which are 

involved in the audit process. The same should 

be done for the objectives, which should be as 

specific as possible. The selection of the audit 

level should be established beforehand, as it will 

define the scope to be analysed. In other words, 

only one level will be selected per audit, and this 

level will define the scope of the analysis:

	· Level 1 audit is a walk-through assessment 

that includes an analysis of the utility bills and 

operating data. It can identify opportunities 

for cost savings and provide a cost analysis for 

a variety of no- and low-cost measures as well 

as potential capital improvements to reduce 

energy use.

	· Level 2 audit provides more detailed information 

and analysis. It includes energy efficiency 

measures, modifications to system controls 

and building automation, operational changes, 

and potential capital upgrades. It also includes 

costs and performance metrics. 

	· A level 3 audit is the most comprehensive of 

all and is best if it is considered a major capital 
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investment. It will provide detailed technical 

engineering information, costs, energy savings 

and economic indicators.

COLLECT DATA/OPENING MEETING
This step could be carried out before the inter-

vention on the site where the auditee has to 

send specific data to the auditor. Those data are 

collected by the following points provided by 

the auditee:

	· Description of the center and its normal 

operating conditions.

	· Determine the energy use habits of the 

center.

	· Information on current electricity consump-

tion, as well as a description and inventory of 

the main energy-consuming installations.

	· By systems, with a minimum power of 10% of 

the total.

	· By zones, with a minimum power of 5% of the 

total.

	· Analysis of one year’s electricity invoicing and 

analysis of electricity demand over a one-week 

period. 

SITE VISIT & MEASUREMENT
The visit to the site contributes for the collection 

of all the necessary data that will be beneficial 

for the overall definition of energy consump-

tion and the operation of the installation. The 

purpose of the visit includes visual inspection of 

the installations, examination of existing means 

of measurement and analytical documents and, 

finally, interviews with the technical members 

and users.

The tests to be carried out in energy audits are 

described below:

Analysis of electrical networks: the network 

analyser must be connected to the main switch-

boards of the installation for at least one week. 

The network analyser records the quarter-hourly 

consumption of the facility, allowing a more 

detailed analysis. This measure aims to optimize 

the electricity bill and the electricity con-

sumption of an installation or building.

Combustion efficiency: this analysis is carried 

out with an exhaust gas analyser. The main 

gases to be measured are CO
2
, NO

x
, PM

2.5
, and 

PM
10

 particles. In addition, data on other gases 

such as CO, unburned products, and O
2
 can be 

recorded. This analysis is usually performed on 

the vehicle fleet or, if available, on combustion 

processes. These measurements determine the 

thermal efficiency of combustion and quantify 

combustion emissions.

Luminous intensity: the lux meter makes it 

possible to measure the luminous intensity of 

lighting in buildings, processes, and outdoors. 

This allows the optimization of the brightness 

in the different work areas and the efficiency of 

the luminaires.

Thermographic analysis: thermographic cameras 

make it possible to determine the temperature 

distribution of solid bodies using digital images. 

This distribution is shown in the form of colours 

and makes it possible to determine an object’s 

hottest and coldest points, equipment, wall, en-

closure, etc. The use of thermography is twofold. 

Firstly, it can be used to locate thermal bridges 

in façades, windows, doors, etc. of buildings and 

their envelopes. But it can also be used to detect 

hot spots in equipment. In this way, equipment 

that is working outside its optimum range is lo-

cated and it is possible to act on them.

Material and energy balance: using flowmeters 

and pressure probes, specific process equipment 

is evaluated to determine the efficiency parameters 

of specific installations. This method is intrusive, 

and its use is not recommended.
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Environmental conditions: thermo hygrometers 

and anemometers are used, if necessary, to 

determine the environmental conditions of an 

air-conditioned space. Temperature and humidi-

ty values are used to guarantee the optimum working 

conditions and operation of air conditioning 

equipment.

ANALYSIS
The comprehensive analysis typically comprises 

the following fundamental components, which 

are instrumental in gaining a profound under-

standing of energy consumption and management.

Commencing with a rigorous examination of 

primary energy consumption, this approach em-

ploys both a static analysis and correlations to 

discern underlying patterns and determinants. 

Subsequently, a meticulous evaluation of energy 

bills and on-site measurements is conducted 

to unveil intricacies in consumption, offering 

a granular breakdown of energy usage and the 

identification of key energy-intensive activities. 

An assessment of the efficiency and effective-

ness of the existing energy management system 

is a crucial step, as it uncovers areas necessitating 

potential improvements.

The identification of systemic errors and specific 

issues within the energy framework is paramount. 

Recognizing idle or wasteful energy usage is 

essential to enhance resource efficiency while 

pinpointing technologies that deviate from Best 

Available Technology (BAT) standards is critical 

for steering technological improvements. Signifi-

cantly, the analysis emphasizes the detection of 

instances where high-quality energy sources are 

mismatched with low-demand applications, such 

as using electricity for low-temperature heating. 

Lastly, the process identifies barriers and driving 

forces that influence energy consumption patterns, 

providing valuable insights into areas ripe for 

optimization.

This comprehensive analysis, when executed 

diligently, equips organizations with valua-

ble insights for making informed decisions 

and implementing energy-efficient solutions, 

contributing to sustainability and enhanced 

efficiency across the board.

ENERGY AUDIT REPORT 
The primary purpose of the energy audit report is 

to offer a comprehensive insight into the energy 

landscape within the organization, effectively 

communicating critical information to stake-

holders. To fulfil this objective, the report adheres 

to a structured format. Typically, it covers a 

range of vital aspects, including an inventory of 

energy consumption, an estimation of financial 

implications related to energy consumption and 

its impact on manufacturing quality and produc-

tivity. Additionally, it highlights opportunities for 

improvements and significant sources of both 

energy and financial savings. The report outlines 

a strategic action plan to attain energy-saving 

goals and evaluates investment requirements 

and returns on investment. Furthermore, it ranks 

and prioritizes recommended actions based on 

criteria such as complexity and profitability, 

ultimately providing a roadmap for optimizing 

energy efficiency and sustainability. The expected 

result of the energy audit is a set of measures 

that will enhance energy efficiency, transition 

from non-renewable to renewable sources, and 

reduce overall energy consumption, benefiting 

both the company and the broader energy system.

Outcomes from an energy audit

An energy audit provides the auditee with a 

multitude of benefits. Firstly, it grants a com-

prehensive understanding of the current energy 

landscape, as well as the operational efficiency of 

equipment and facilities. This knowledge serves 

as a foundation for strategic decision-making. 

The creation of an inventory of key equipment 

and existing installations helps in identifying po-
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tential areas for improvement. Additionally, the 

measurements and records of critical energy 

parameters offer precise insights, enabling the 

auditee to make informed choices. The analy-

sis of optimization possibilities for fuel supply, 

electricity, and water consumption not only 

promotes cost savings but also contributes to 

environmental sustainability. The consideration 

of renewable energy installations paves the way 

for greener and more sustainable energy prac-

tices. Most significantly, the audit’s proposals 

for improvements, accompanied by their techni-

cal and economic evaluation, provide a roadmap 

for enhancing energy efficiency and achieving 

substantial savings, thus benefitting the auditee’s 

bottom line while reducing their environmental 

footprint.

Tools

In many cases, no advanced measurements are 

needed to perform the analysis. The common 

tools and their functional purposes are described 

below with the tools for engines being particu-

larly useful and prevalent during energy audits, 

as they are one of the most energy-consuming 

elements in the industry.

Fuel efficiency monitor: this is designed to monitor 

the performance of boilers, heaters, furnaces, 

etc. It measures O
2
, CO and temperature of flue 

gas and the outcome is the calculation of com-

bustion efficiency, excess air and CO
2
 values. It 

is suitable for all gas, oil & solid fuels.

Clamp-on power meter: this type of meter helps 

measure power consumption, current drawn, 

load factor and power factor. 

Leak detector: helps users quickly find leakages in 

compressed air or vacuum systems. The instrument 

is very simple to use and features adjustable 

sensitivity and intuitive guidance for superior 

leak detection results.

Portable tachometer: this meter is useful for 

measuring the speed of the engine. Optical 

tachometers are preferable due to the ease of 

measurement.

Thermocouple sensor: thermometer/thermocou-

ple sensors are useful to measure the temperature 

of the engine so that level of temperature can 

be checked whether the engine is overheated 

or not. This will prevent engine failure or damage. 

Moreover, temperature gain will cause an engine 

to consume more energy. Knowing temperature 

allows the auditor to determine engine efficiency. The 

most commonly used sensors in the industry are 

resistance temperature detectors (RTDs) and 

thermistors.

Data logger: data loggers are used to monitor and 

log data such as temperatures, engine current, 

and power. Data loggers are normally portable 

and can accept different inputs from sensors.

Figure 1-1
Tools to perform energy audits. a) Fuel Efficiency Monitor Model: 

FEM-01 | Artech b) Multimethod digital Ac Dc Clamp Meter | 
Fruugo ES c) Ultrasonic air leak detector - SKF leak detection 
equipment | SKF d) SM6236E Portable Photo Tachometer e) 

Thermocouple sensor, f) Data logger.
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3.	 Data collection for 
energy audits

Before starting the energy audit, it is essential to 

receive adequate information from the audited 

company. The main documents that should be 

requested are:

	· General information about the buildings.

	· Quarter-hourly power demand data. 

	· Electricity bills for at least one year.

	· Fuel bills for at least one year. 

	· The general plan of the production processes 

carried out. 

	· List of electric engines and consumption of 

the plant, inventoried by the company.

	· Report on the thermographic revision carried 

out on the electrical installations of the plant.

In addition, certain data are measured on-site 

during the energy audit process. Some of the 

main ones are shown below: 

	· Luminous intensity of the spaces (in lux).

	· Environmental conditions of temperature 

and humidity.

	· Distances.

	· Thermography of facades.

	· Thermographies of conveyor belts.

	· Thermographies of electrical panels.

Finally, some data must be estimated, as access 

to them is sometimes complex. 

	· Regarding the quarter-hourly power demand, 

actual data will be taken for one week and the 

data for the rest of the year will be extrapolated 

or estimated.

	· Emissions.

	· The prices of the Photovoltaic (PV) modules 

and their structures will be average values re-

sulting from a current market survey.

4.	 EU Framework 

DIRECTIVES
The first Directive for energy efficiency came 

into force on 14 November 2012 (Directive 

2012/27/EU and contained several measures 

intended to increase energy efficiency across 

the European Union (European Union, 2012). 

It established a common framework of binding 

measures for the promotion of energy efficiency 

to ensure the achievement of the Union’s 2020 

20% headline energy efficiency target, and to 

pave the way for further energy efficiency im-

provements beyond 2020. One aspect, that is 

proving particularly controversial, is the intro-

duction of mandatory energy assessments.

The followed revised Directive 2018/2002/EU 

(European Union, 2018), along with the revised 

Renewable energy directive and a new Governance 

Regulation are part of the Clean Energy for all 

Europeans package in which the main new ob-

jective was the accomplishing the mission of 

32,5% energy efficiency target by 2030.

The 2023 revised Energy Efficiency Directive 

(European Union, 2023) in the EU raises the 

energy efficiency target, making it obligatory 

for EU countries to collectively achieve an addi-

tional 11.7% reduction in energy consumption 

by 2030, compared to 2020 projections, with 

the aim of keeping overall EU energy consump-

tion below 992.5 million tonnes of oil equivalent 

(Mtoe) for primary energy and 763 Mtoe for fi-

nal energy. The latest directive, published in the 

Official Journal on 20 September 2023, signifi-

cantly enhances the EU’s commitment to energy 

efficiency by:

	· Expanded Energy Audit Obligations: the 

directive broadens the requirement for ener-

gy audits to cover all companies, regardless 

of their size, that consume energy above a 

Energy Audit Framework
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certain threshold. This means that even small 

and medium-sized enterprises (SMEs) must 

conduct energy audits if there is significant 

potential for energy savings.

	· Mandatory Energy Management Systems: 

large industrial energy consumers are obligated 

to implement energy management systems to 

monitor and optimize their energy efficiency.

	· Competence Standards: the directive necessi-

tates that EU countries ensure a sufficient level 

of competence for professionals involved in 

energy efficiency, including energy service 

providers, energy auditors, energy managers, 

and installers. This involves aligning their 

skills with market demands and enforcing 

stricter competency requirements.

	· Reporting on Energy Efficiency Investments: 

EU countries are mandated to report on ener-

gy efficiency investments, including those 

through energy performance contracts, as 

part of the Governance Regulation. This promotes 

transparency and accountability in energy 

efficiency initiatives.

	· Support Mechanisms. the directive establishes 

assistance mechanisms at the national, regional, 

and local levels to support energy efficiency 

investments and facilitate the achievement of 

the EU’s ambitious energy efficiency targets.

Overall, the Energy Efficiency Directive in the 

EU aims to promote energy conservation and 

improve energy efficiency in the industrial sec-

tor through various regulatory and support 

measures.

STANDARDS
Standards are developed to provide guidelines 

and requirements for conducting energy audits 

with high consistency and quality. The latest can 

be valuable references for organizations looking 

to implement effective energy management 

programs or report on their energy efficiency 

efforts. The most usual context of the standards 

contains the following:

I.	 Scope and Purpose.

II.	 General requirements.

III.	 Audits Objectives.

IV.	 Methodology.

V.	 Qualifications.

VI.	 Data Collection and Analysis.

VII.	 Recommendations.

VIII.	 Reporting.

IX.	 Compliance and Quality Assurance.

X.	 Documentation.

XI.	 Terminology and Definitions.

XII.	 Updates and Revisions.

The European standards (CEN, 2012) associat-

ed with energy audits are entitled as:

	· UNE-16247-1: Energy audits. Part 1: General 

requirements. 

UNE-EN 16247-1 sets the fundamental 

framework and general requirements for ener-

gy audits. It provides guidance on the overall 

approach and objectives of energy audits. 

This standard defines what energy audits 

are, what they aim to achieve, and the basic 

principles that underlie the audit process. It 

outlines the scope and purpose of energy au-

dits and emphasizes their role in identifying 

energy-saving opportunities and improving 

energy management practices. It serves as a 

foundational document for conducting ener-

gy audits, offering a starting point for energy 

auditors and organizations.

	· UNE-16247-2: Energy audits. Part 2: Buildings. 

UNE-EN 16247-2 focuses on energy audits 

specifically related to buildings. It provides 

detailed guidelines and requirements for 

assessing the energy consumption and effi-

ciency of residential, commercial, and industrial 

buildings. This standard may cover aspects 

such as building envelope performance, 

HVAC (Heating, Ventilation, and Air Condi-

Energy Audit Framework
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tioning) systems, lighting, and other building 

systems. It offers a structured methodology 

for conducting energy audits in the context 

of buildings to support energy efficiency 

improvements in the construction and real 

estate sectors.

	· UNE-16247-3: Energy audits. Part 3: Processes.

UNE-EN 16247-3 is tailored to energy audits 

in industrial processes and manufacturing 

facilities. It outlines the specific procedures 

and considerations for assessing energy 

usage and efficiency in industrial settings. 

This standard covers areas like process op-

timization, equipment efficiency, and produc-

tion-related energy consumption. UNE-EN 

16247-3 is a valuable resource for industries 

looking to identify energy-saving opportuni-

ties, reduce operational costs, and enhance 

their environmental sustainability through 

improved energy management practices.

5.	 Specificities of M&Q - 
Energy efficiency evaluation 
procedures in quarries

A quarry is an open-cast mining operation consisting 

of a three-dimensional excavation by benching, 

with one or several levels, in which industrial 

rocks, ornamental rocks or aggregates are obtained. 

These materials are generally not subjected to 

concentration processes before being marketed. 

Except ornamental rocks, which are marketed 

in blocks, minerals from quarries are usually 

marketed in bulk with specific granulometric 

conditions. These are exploited by the “bench 

blasting” method with the use of explosives, being 

necessary for their commercialisation the 

treatment of these blasting products to reach 

the marketable granulometry.

Due to the need to treat the material coming 

from the quarries, it is very common to find 

mineral treatment plants on the quarry site 

itself, being operated by the company as part 

of its production system. This reduces the costs 

of transporting the material to the processing 

plant. Processing plants usually follow the same 

processes for quarried materials. These pro-

cesses are shredding, conditioning, screening, 

stockpiling and marketing. 

Primary fragmentation or crushing is carried 

out with pre-screened material coming directly 

from the quarry. It reduces the size of the larger 

rocks allowing them to enter the other processes 

of the plant. Secondary fragmentation or milling 

is the fragmentation process aimed at reducing 

the particle size of the material to saleable 

characteristics.

The conditioning of the materials is aimed at 

achieving suitable characteristics for their salea-

bility or conditioning to the design characteristics 

of the treatment plant, such as drying the materials 

to reduce the relative humidity.

Screening consists of the size classification of 

the material from physical obstacles that do not 

allow the passage of material, these physical 

obstacles being screening surfaces, subjected to 

vibrations and inclination. 

The processes of fragmentation and screening 

release a significant amount of mineral dust into 

the environment, and mineral processing plants 

are therefore very dusty environments, so dust 

must be considered as a risk factor when under-

taking any on-site activity in the facilities.

All these plant processes, especially fragmen-

tation, are mechanical processes that require 

heavy machines that generally consume electrical 

Energy Audit Framework
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energy.  Figure 1-2 shows the three main zones 

we differentiate in a quarry for energy analyses. 

 

Office zone: generally, the offices of engineers 

and technicians, changing rooms, meeting 

rooms, laboratories, etc. are located here. In 

this area, the most relevant consumption will 

focus on air conditioning and office equipment. 

If there is a quality laboratory, the equipment of 

this laboratory will also be considered.

Process zone: this area encompasses the min-

eral treatment processes described above. 

Quarries may have primary, secondary and/or 

tertiary processing, as well as water treatment 

plants or recycling processes. These process-

es are dominated by electric engines, some of 

which are large, such as those used in crushers. 

Depending on the quarry, we can find processes 

that require combustion heat, although this is 

less common.

Extraction zone: the mining area is dominat-

ed by mining machinery and blasting activities. 

From an energy point of view, only the equip-

ment or vehicles used for transport can be eval-

uated. Depending on the mine, we can find rail, 

river, sea, or land means of transport.

Although means of transport play a key role in 

the extraction, transportation of materials, min-

ing machinery and light vehicles can be found in 

all the areas presented. Generally, the energy 

consumption of the transportation is high and 

has to be considered in the analysis. Mining ma-

chinery often consumes diesel.

Figure 1-2
Description of quarry zones for energy analysis. 
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In the ROTATE project, the methodologies and 

procedures established in the European regu-

lations have been adapted to the specific case 

study of aggregate quarries. The new methodology 

developed allows quarries to self-assess their 

energy status, obtaining an action plan to im-

prove the energy efficiency of their facilities. The 

self-assessment is carried out through different 

questionnaires, which have been designed to 

cover all phases of the mine, and all the essential 

aspects described in the standard. The methodolo-

gies for each of them are detailed below:

1.	 General Information 
and process

The first step in an energy audit is to gather all 

the essential information about the mine that 

will probably not impact the results carried out 

through the algorithm. Nevertheless, this infor-

mation provides important background context 

that supports a better understanding of the 

quarry’s operational environment. The information 

to be collected to establish the initial conditions is:

->	 Type of mine (Surface/ Underground mine)

-> 	 Type or ore handled (Primary, Recycled) 

-> 	 Waste water treatment (If any, selection of 	

	 processes and data such as daily/annual

	 water treated (m3).

-> Type of quarry (Sand, Gravel, coal, Quartz, 	

	 etc.)

-> Annual ore produced

-> 	 Selection of processes in the quarry (Primary, 	

	 Secondary or Tertiary processes).

02Energy audit procedure
for mines 

The initial information aims to define the main 

processes of the quarry. In this way, a specific 

diagram is established for each quarry, which 

contains the mine’s overall operation. An example 

is shown below:

Figure 2-1
Mine Overall operation diagram
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On the same point, it is important to define 

the audit scope. The scope of the energy au-

dit depends on the amount of data analysed. 

Therefore, depending on the amount of data 

and information to which access is available at 

each mine, a different type of energy audit will 

be performed. The categories of energy audits 

are the following:

	· Energy diagnosis: It allows to know the current 

energy status of an installation in a superficial 

way. The proposed improvement measures 

will be generic and with a low impact. 

	· Energy audit: It allows you to know the current 

energy status of your installation in detail. 

The proposed improvement measures will be 

specific and have a moderate impact. 

	· Energy optimization: It allows to know the 

current energy status of your installation and 

to carry out an energy optimization. The pro-

posed improvement measures will be specific 

and will have a high impact on reducing 

consumption. 

The activities that can be proposed based on the 

type of audit that will be selected are briefly ex-

plained on the table below.

Table 2-1
Activities that can be performed based on the energy audit type

ACTIVITY ENERGY 
DIAGNOSIS ENERGY AUDIT ENERGY

OPTIMISATION

INVENTORY OF 
CONSUMING 
EQUIPMENT

Inventory of consumption in 
general

By systems, with a minimum 
power of 15% of the total.                                                                          
By zones, with a minimum 
power of 15% of the total.                                                                               
Checking the state of the 

equipment  

Inventory of consumption in general.
By systems, with a minimum power of 10% of 

the total.
By zones, with a minimum power of 10% of the 

total. 
Checking the state of the equipment.                                                                                    

Comparative evaluation with installations in the 
area.

Inventory of consumption in general
By systems, with a minimum power of 5% of the total.

By zones, with a minimum power of 5% of the total. 
Checking the state of the equipment                                                                                                                              

Benchmarking with installations in the area                                                                                                                                             
 Collection of data on maintenance operations

CONSUMPTION 
ANALYSIS

Collection of energy bills for 
at least the last 12 months.                                                                          

Estimated energy balance of 
consumption.

Record of staff’s habits.

Compilation of energy invoices for a minimum of 
12 months.

Evaluation and analysis of user habits.                                                                              
Analysis of seasonal variations in consumption.

Energy balance of the building
Load curve analysis

Tariff optimisation of the contract with the 
supplier

Collection of energy invoices for at least 24 months.
Evaluation and analysis of user habits

On-site data collection of consumer equipment
Calibration of the various meters

Analysis of seasonal variations
Energy balance of the building

Flattening of the load curve
Establishment of consumption baseline according to 

“m&v protocol”.
Tariff optimisation of the contract with suppliers

ENERGY
ACCOUNTING -----

Inventory of end-user systems
Reference values or “target to be achieved

Actions to be taken in case of exceeding consumption.
Maintenance plan

Improvement of environmental quality

Inventory of end-user systems
Reference values or “target to be achieved

Actions to be taken in case of exceeding consumption.
Maintenance plan

Improvement of environmental quality

ENERGY
EFFICIENCY 
PROPOSALS

Description of the proposal
Must include a calculation of 

energy savings and an eco-
nomic feasibility analysis.

Detailed study of energy efficiency proposals.
Calculation of energy savings

Classification of saving measures according to 
their economic viability.

Economic feasibility analysis 

Detailed study of energy efficiency proposals
- Calculation of energy savings and investment analysis

- Classification of measures according to their feasibility
Basic engineering of the proposed projects

RENEWABLE 
ENERGY

PROPOSALS

Detailed study of renewable 
energy proposals

- Calculation of energy savings
- Economic feasibility analysis

Detailed study of renewable energy proposals
- Calculation of energy savings
- Economic feasibility analysis

Detailed study of renewable energy proposals
- Calculation of energy savings
- Economic feasibility analysis

REMOTE
MANAGEMENT 

AND 
UTOMATION 
PROPOSALS

------ ------

Centralised system.
-Discriminate consumption according to application.

-Study the implementation of automation and/or 
remote management systems for each application.

-It should include energy saving calculations and
economic feasibility analysis.
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The decision on what type of audit can be applied 

to each quarry is made through an algorithm 

designed specifically for the ROTATE project. 

For this purpose, a series of questions are es-

tablished with the objective of determining the 

amount of information available in each mine. 

In this way, the algorithm adapts to any type of 

quarry. The methodology is described below.

Input:
Selection of the most appropriate (only 1 choice):

a.	 I have information about 100% of the equip-

ment that consume/generate energy.	

b.	 I have information about 80% of the equip-

ment that consume/generate energy.

c.	 I have information about 60% of the equip-

ment that consume/generate energy.	

d.	 I have information about 50% or less of the 

equipment that consume/generate energy.	

	

Selection of the above (multiple choices)

1.	 The mine staff can provide data on energy 

habits at the facility.

2.	 The mine staff can carry out temperature, 

humidity and lighting measurement tests in 

the different rooms.

3.	 The mine staff can provide data about ener-

gy consumption (electricity, diesel, gas…)

4.	 The mine staff can provide quarter-hourly 

data of the electricity consumption.

5.	 The mine staff has information concerning 

the building insulation, materials, etc.

The questions on which the algorithm works 

are divided into two groups. First, it is relevant 

to know the amount of information available in 

a quarry in relation to its generating/consuming 

equipment. It is normal that quarries do not have 

adequate monitoring of low consumption equip-

ment, such as small engines. The second group of 

questions refers to habits and generic informa-

tion about the mine. The algorithm that is been 

used is the following:

def select_energy_audit(equipment_info, staff_capabilities):
    if equipment_info == ‘d’:
        if staff_capabilities:
            return “Energy Diagnosis: D with combinations of 1, 2, 3, 4, 5”
        return “Energy Diagnosis: D”
    
    elif equipment_info == ‘c’:
        if 1 in staff_capabilities or 5 in staff_capabilities:
            return “Energy Diagnosis: C with 1, 5, or both”
        return “Energy Diagnosis: C”
    
    elif equipment_info == ‘a’:
        if staff_capabilities:
            return “Energy Optimization: A with combinations of 1, 2, 3, 4, 5”
        return “Energy Optimization: A”
    
    elif equipment_info == ‘b’:
        if set(staff_capabilities).intersection({1, 2, 3, 4, 5}):
            return “Energy Audit: B with combinations of 1, 2, 3, 4, 5”

    elif equipment_info == ‘c’ and set(staff_capabilities).intersection({2, 3, 4}):
        return “Energy Audit: C with 2, 3, 4 and combinations of 1, 2, 3, 4, 5”
    return “Insufficient information for selection”
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With the use of this algorithm, it is possible to 

define the type of energy audit that can be 

carried out

Criteria Selection
Afterwards, it is essential to define the criteria 

based on which the proposition of improvement 

measures will be evaluated. Thus, the proposals will 

be adapted to the mine needs. Energy audits have 

a key purpose which is the recommendation of 

improvement proposals that can potentially im-

prove the energy efficiency of the quarry. These 

measures together comprise the quarry action 

plan, but it is necessary to organize the meas-

ures first. This organization will vary depending 

on the needs of each quarry. To automate the 

criteria, and to be able to create an adapted ac-

tion plan, three different criteria are established 

in this methodology:

The Rating Scale
Value Meaning:

Each quarry can order these criteria according 

to its investment capacity, sustainability plans, 

or the management required for each measure. 

This order selected initially will apply to the ac-

tion plan methodology presented below.

Guidelines for Evaluation
Think about the priority of each criterion:
For example, is Energy Savings more important 

than Cost? Or is it the other way around?

Use a scale to express your judgment:
Assign a number based on how strongly you feel 

one criterion is more important than the other.

1. Implementation costs

2. Energy savings

3. Sourcing strategy

1 	 Both criteria are equally important.

2 	 The first criterion is slightly more important 	

	 than the second.

3 	 The first criterion is moderately more important 	

	 than the second.

4 	 The first criterion is between moderately and 	

	 strongly more important than the second.

5 	 The first criterion is strongly more important 	

	 than the second.

6 	 The first criterion is between strongly and 	

	 very strongly more important than the second.

7 	 The first criterion is very strongly more

	 important than the second.

8 	 The first criterion is between very strongly 	

	 and absolutely more important than the second.

9 	 The first criterion is absolutely more important 	

	 than the second.

With those 3 criteria and their ranking and com-

parison, it is possible to cover the needs of the 

mine but also to find the correct way to evaluate 

and rank all the proposals of improvement that 

will be appeared after the conduction of the en-

ergy audit. From this ranking, a list of proposals will 

be created and the best of those will be shown 

on the final report. More details for the rating 

algorithm will be mentioned later on. 
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2.	 Buildings and
Consumption habits

 

The impact of buildings on energy consumption 

in quarries is low but can bring significant re-

ductions in energy consumption. To analyse the 

energy systems of the buildings, we will focus 

on the lighting systems, the ambient conditions 

of the spaces, the domestic hot water, and the 

building envelope.

CONSUMPTION HABITS 
In order to evaluate the consumption habits of 

the quarry, the methodology is divided in two 

parts that are working independently. Those two 

parts are the mine as a process and the buildings 

of the mine that have a more administrative pur-

pose. For each of those parts, specific questions 

are developed in order to obtain all the necessary 

inputs for the following steps of the energy audit 

and more in the part of the evaluation of the 

improvement measures.

I. Mine & Quarry
It is important to understand the number of 

shifts involved in the day-to-day operations. 

Additionally, detailed information should be 

provided for each type of ore processed (whether 

primary or recycled), as well as for any existing 

wastewater treatment facilities. To build a com-

prehensive overview of the quarry’s operational 

profile, the following details should be gathered:

	· Number of shifts per day, 

	· Duration of each shift,

	· Total number of employees 

	·  Number of working days per week. 

	· Access hours of trucks/boats/trains entering 

and leaving the quarry

For example:

The number of shifts and the duration of those 

will be used in calculating the energy demand 

of the mine based on the nominal power of 

the registered inventory in both buildings and 

mines.

II. Buildings
The same data need to be obtained for the case 

of buildings that are located inside the mine’s 

territory. In addition, following the European 

standard for energy audits on buildings, more 

questions for the workplace habits are required:

	· Are office spaces air-conditioned?

	· Is air-conditioning used in summer?

	· At what temperature is it set?

	· Is air-conditioning used in winter?

	· At what temperature is it set?

	· Which hours the air-conditioning on Summer 

is working?

	· Which hours the air-conditioning on Winter is 

working

	· In summer, windows normally remain? 

(opened/closed)

	· In winter, windows normally remain? (opened/

closed)

	· Doors to the outside usually remain? (opened/

closed)

	· Can the work involve doors and windows being 

opened constantly?

	· Are there blinds or sunshades?

	· Are they used during working hours?

	· Are there protocols for the use of blinds or 

sun blinds during very hot/cold periods?

	· Are there presence detectors in corridors?

	· Are there presence detectors in bathrooms?

	· Are there presence detectors in common areas?
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	· Are lights normally switched off when a space 

is not in use?

	· Is hot water used normally in bathrooms?

Those questions have to be answered for each of 

the buildings on the mine’s site.

Beside the above mentioned, the occupation of 

those buildings in an hour-base need to be 

addressed. Those data will be used in assessing 

the building envelope later on. An example is 

presented below:

LIGHTING ASSESSMENT
The lighting assessment, under the European 

standard is undergone only on the buildings 

and processes where the use of lights can affect 

the energy consumption but also the health and 

safety of people at work where poor lighting re-

lates to, e.g. eyestrain, migraines, headaches and 

even in some cases sick building syndrome. 

To assess the lighting conditions in buildings, 

specific data must be collected. This requires 

certain equipment and clear instructions for the 

individual responsible for taking the measure-

ments. The necessary equipment includes:

	· Thermometer *1

	· Thermo-hygrometer*2

	· Lux meter*3

*1 A thermometer is required to measure the 

temperature. Three measurements should be 

taken at different spots within the same room to 

ensure accurate and comprehensive temperature 

data.

*2 A thermo-hygrometer is the equipment re-

quired for the measurement of humidity. Three 

measurements should be taken at different 

spots within each room to ensure accurate and 

comprehensive data collection.

*3 A lux meter is the essential equipment required 

for the measurement of light intensity. The light 

intensity should be measured at three different 

points within the room—such as the sides and 

the centre—ensuring that all measurements are 

taken at the standard working height, typically 

the level of desks or work surfaces. This method 

ensures consistent and representative data for 

evaluating lighting conditions.

The process involves using specific instruments 

to assess lighting (lux), humidity (%RH), and tem-

perature (°C). Once the number of luminaires 

Table 2-2
Person-Occupation on buildings on 

each hour
OCUPATION

1:00

2:00

3:00

4:00

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00

22:00

23:00

BUILDING
1

10

10

10

10

10

10

10

10

5

5

5

5

5
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has been determined, their model and rated 

power should also be documented. The spatial 

layout of all areas must be recorded, covering 

every room within the in-situ buildings across 

the mining site. For each room, three readings 

per parameter should be taken at different loca-

tions. The average of these readings will be used 

to ensure accuracy and reliability. Therefore, all 

rooms that are used either occasionally or regu-

larly—such as offices, waiting rooms, corridors, 

bathrooms, and similar spaces—must be includ-

ed in the lighting assessment.

Once those inputs are known, the average is cal-

culated for each of the spaces of the buildings. The 

lighting assessment need to evaluate if those in-

puts provide a sufficient lighting and temperature 

on the spaces based on the European standards 

on work places. 

For the lighting assessment, the following values 

must be calculated:

Constant data:

	· Illuminance min (lux) = 500

	· VEEI (kWh/m2/100lx) = 3

	· Pi lim. (kWh/m2) = 10

Evaluation:

The methodology for lighting evaluation is 

described below:

Selection of Measurement Points
Identify points of interest where the lux meter 

will be placed. These points must be in the working 

plane (on desks, workbenches, workshops, and 

other surfaces where activities are carried out). 

Record the lux values measured directly with 

the lux meter and calculate the average of the 

measurements for each zone or room.

Preliminary Data
To determine the calculation and lighting solutions 

for indoor lighting installations, the following 

parameters must be considered:

	· The use of the area to be illuminated.

	· The type of visual task to be performed.

	· The lighting and user requirements of the 

space.

	· The room index K or space dimensions (length, 

width, and useful height).

	· The reflectance of walls, ceiling, and floor.

	· The characteristics and type of ceiling.

	· The natural light conditions.

	· The type of finishes and decoration.

	· The planned furniture.

Calculation of the Energy Efficiency Index (EEI)
The calculation of the energy efficiency index is 

calculated using the formula below:

Where:

	· P is the lamp power plus auxiliary equipment 

[W] (power consumed by luminaires in different 

zones).

	· S is the illuminated surface area [m²] (to be 

calculated).

	· Em is the maintained average horizontal illu-

minance [lux] (lux meter reading).
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OFFICE LIGHTING REQUIREMENTS 
In addition, it is necessary to know the light 

requirements for each studied space. For this, 

the parameters in the following table will be 

considered. The limit values in the offices are:

Energy audit procedure for mines

Limits values

Table 2-3
Lighting

Requirements
for Indoor

Workspaces
1.1 300 8019

Archive,
copies, etc.

1.2 500 8019

Writing, 
typing, 

reading, data 
processing

1.3 750 8016
Technical 
drawing

1.4 500 8019
CAD

workstations

1.5 500 8019
Conference 
and meeting 

rooms

1.6 300 8022
Reception 

counter

1.7 200 8025Archives

Ref. 
No

Em 
[lux] Ra

UGRL
(Unified Glare 

Rating)
Interior

Type / Task

Maximum Energy Efficiency Index (EEIlim)
The next point in the lighting evaluation is to 

compare the obtained value of the energy 

efficiency index with the limit values stipu-

lated in the regulations. The energy efficiency 

limit value of the installation (VEEIlim) is seen 

below:

Table 2-4
Energy Efficiency 
values for various 

places

Facility Use

General administration 80

Transport station platforms 80

Exhibition halls and fairs 80

Diagnostic rooms (1) 80

Classrooms and laboratories (2) 80

Hospital rooms (3) 80

Unlisted indoor spaces 80

EEI 
Limit

Common areas (4) 80

Warehouses, archives, technical rooms,
and kitchens

80

Parking lots 80

Sports facilities (5) 80

Transport stations (6) 80

Supermarkets, hypermarkets, and
department stores

80

Libraries, museums, and art galleries 80

Common areas in non-residential buildings 80

Shopping centers (excluding stores) (7) 80

Hospitality and dining (8) 80

Religious buildings 80

Auditoriums, theaters, entertainment rooms, 
meeting rooms (9)

80

Small stores and retail 80

Hotel rooms, hostels, etc. 80

Spaces with illumination levels above 600 lux 80
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Maximum Installed Lighting Power
Finally, it is important to evaluate the power of 

those luminaires already installed. This is done 

by means of the following formula of Pmax. In 

order to make the evaluation it is necessary to 

compare with the values recommended by the 

standard, which are shown in the following table.

The minimum number of measurement points 

depends on the room index (K) and follows a 

symmetrical grid pattern:

	· 4 points if K < 1

	· 9 points if 1 ≤ K < 2

	· 16 points if 2 ≤ K < 3

	· 25 points if K ≥ 3

Selection of Luminaires
The luminaire type is chosen according to the 

space’s use. As an example, a recessed LED 

downlight (general and direct lighting) with the 

following characteristics is considered:

	· Example: Downlight LED 28 W (power) 2430 lm 

(lamp luminous flux) DALI 230V/50 Hz

Maintenance Factor (Fm)

Table 2-5
Maximum 

Installed Power 
by Building Use 

(W/m²)

Building Use

Administrative

Parking

Commercial

Educational

Hospital

Restaurant

Auditoriums, theaters, cinemas

Public residential

Other

Buildings with lighting levels 
above 600 lux

12

5

15

15

15

18

15

Max Installed 
Power [W/m²]

12

10

25

If the installation does not comply with these 

limitations, a redesign should be considered.

Room Index (K)   

Where:

	· L = Room length

	· A = Room width

	· H = Distance from the working plane to the 

luminaires

Dirt Level

Normal

Medium

High

Dirt Level

0.8

0.7

0.6

Maintenance 
Factor (Fm)

Maintenance 
Factor (Fm)

Utilization Factor (Cu)
Provided by the luminaire manufacturer based 

on the K value of the room and the reflectance 
coefficients of the floor, walls, and ceiling, ob-

tained from tables like this:

Color

White

Acoustic white ceiling

Light gray

Dark gray

Black

Cream, light yellow

Light brown

Dark brown

0.7 - 0.85

0.50 - 0.65

0.4 - 0.50

0.10 - 0.20

0.03 - 0.07

0.50 - 0.75

0.30 - 0.40

Reflectance 
Factor

0.10 - 0.20

Light plaster

Dark plaster

Light concrete

Dark concrete

Light sandstone

Dark sandstone

Light brick

Material

Dark brick

0.35 - 0.55

0.20 - 0.30

0.30 - 0.50

0.15 - 0.25

0.30 - 0.40

0.15 - 0.25

0.30 - 0.40

Reflectance 
Factor

0.15 - 0.25
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Total Luminous Flux (φt) Calculation
The number of lamps required is determined 

considering:

	· UGR and Ra product values

	· Compliance with Em, EEI, Max Power/Area, 

UGR, and Ra limits

	· Alternative lamps if necessary

This methodology ensures optimal light-

ing efficiency and compliance with regulatory 

standards.

3.	 Environmental
conditions

The thermal comfort of buildings is regulated 

according to the Directive 2010/31/UE and Di-

rective 2012/27/UE. These regulations establish 

the air conditioning limits and humidity limits 

shown in table 2-3. 

temperature is within or outside the admissible 

limits. The methodology is summarized below: 

Summer:

If EXPERIMENTAL DATA < 26ºC,

then OUT OF LIMITS.

If EXPERIMENTAL DATA ≥ OR EQUALS 26ºC, 

then OK.

Winter:

If EXPERIMENTAL DATA ≤ 21ºC, then OK.

If EXPERIMENTAL DATA > 21ºC,

then OUT OF LIMITS 

Those evaluated areas that are outside the lim-

its will be compiled and exposed as part of the 

improvement measures.

4.	 Building envelope:

The building envelope is a critical component in 

achieving energy efficiency in buildings. It acts 

as a barrier between the indoor and outdoor en-

vironments, playing a pivotal role in regulating 

temperature, maintaining comfort, and reducing 

energy consumption. The envelope includes all 

exterior elements of the building, such as walls, 

roofs, windows, doors, and foundations. 

Components of the Building Envelope:

	· Walls: Insulated walls reduce thermal bridging 

and improve the building’s overall energy 

efficiency.

	· Roof: A well-insulated roof prevents heat 

from escaping during winter and entering 

during summer.

	· Windows and Doors: High-performance glazing 

and weather-stripped doors minimize heat 

loss and air leakage.

	· Foundation: Properly insulated foundations 

prevent heat loss to the ground.

Air temperature (°C)

Relative humidity (%)

21 max.

30-70

Heated
enclosures 

26 min.

30-70

Refrigerated 
enclosures

Table 2-6
Air conditioning and humidity limits 
according to Directive 2010/31/UE 

and Directive 2012/27/UE.

The algorithm designed for the evaluation of 

environmental conditions is within the limits 

indicated in the regulations. According to the 

temperature and humidity data collected, de-

pending on the time of year, these values should 

be compared to the seasonal limits as shown in 

table 2-6 It will be considered that in summer, 

the spaces will be cooled, while in winter, they 

will be heated. With this in mind, a comparison 

will be applied, and an assessment will be made 

as to whether the experimentally recorded 
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An efficiency building envelope significantly re-

duces the energy required for heating, cooling 

and ventilation leading to 1) Lower energy bills 

2) Reduced greenhouse gas emissions and 3) En-

hanced thermal comfort for occupants. 

Methodology:
To calculate the building envelope energy de-

mand, the are some series of formulas that need 

to be addressed in order to gather all the 

necessary inputs.

Building Envelope characteristics:

	· Construction year

	· Length (m)

	· Depth (m)

	· Height (m)

	· Types of materials the building consists of

	· Area of windows (m2)

	· Types of windows the building has (simple, 

double)

	· Number of windows

 

Other information	

	· Outside Temperature for Cooling (i.e., outside 

temperature above which, the cooling system 

of the building is turned on.)

	· Outside Temperature for Heating (i.e., outside 

temperature above which, the heating system 

of the building is turned on.)

	· Ground Temperature

	· Water Temperature

	· Temperature of hot water on the showers

	· Seasonal Coefficient of Performance (SCOP) 

of water heating

	· Average Hourly Outside Temperature (for 

each season)

	· Hourly Irradiance 90 º (W/m2) (for each season)

	·  water [kg/m^3]

	

The density of water, typically about 1000 kg/m³ 

at standard temperature and pressure, repre-

senting how much mass is contained per unit 

volume of water.

	· Cpair (kJ/kgK)	

The specific heat capacity of air, which indicates 

the amount of heat (in kilojoules) needed to raise 

the temperature of 1 kilogram of air by 1 Kelvin.

	· Cwater (kJ/kgK)

The specific heat capacity of water, which is the 

amount of heat required to raise the tempera-

ture of 1 kilogram of water by 1 Kelvin (approxi-

mately 4.18 kJ/kg·K).

	·  air [kg/m^3]

The density of air, which varies with tempera-

ture and pressure but is approximately 1.2 kg/m³ 

at standard conditions.

	· Uwalls/ceiling/roof/floor(W/m2K)

The U-value of walls, ceilings, roofs, or floors, 

measuring how well these components allow 

heat transfer. Lower values indicate better insu-

lation.

	· Uwindows (W/m2K)

The U-value for windows, describing the rate of 

heat transfer through the windows. Lower values 

mean better insulation performance.

	· Awall (m2)

The total surface area of the wall, measured in 

square meters.

	· Air Changes/hour (h^-1)

The number of times the air inside a building or 

space is replaced with outdoor air per hour, im-

portant for ventilation and indoor air quality.

	· Afloor [m^2]

The surface area of the floor, measured in 

square meters.
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	· Aceiling [m^2]

The surface area of the ceiling, measured in 

square meters.

	· Vol [m^3]

The volume of the space, calculated as the prod-

uct of floor area and height, representing the to-

tal enclosed space in cubic meters.

	· Qpeople (W)

The heat generated by people, measured in 

watts. This depends on the activity level and 

number of people.

	· Qinternal (W/m2)

The internal heat gain per unit area, measured 

in watts per square meter, which includes heat 

from equipment, lighting, and occupants.

	· Liters/person/day

The amount of water usage per person per day, 

typically used in water consumption or heating 

calculations.

	· Total A windows

The total surface area of windows, measured in 

square meters.

	· Window Solar Gain (SHGC)

The Solar Heat Gain Coefficient of windows, 

which measures the fraction of solar energy 

transmitted through a window. Values range 

from 0 to 1, with higher values indicating more 

solar heat transmission.

	· Comfort Temperature inside in summer  (ºC)

The desired indoor temperature during summer, 

maintained for occupant comfort, often around 

24–26°C.

	· Comfort Temperature inside in winter (ºC)

The desired indoor temperature during winter, 

typically maintained around 20–22°C.

	· SCOP

The Seasonal Coefficient of Performance, which 

indicates the efficiency of heating systems like 

heat pumps over a heating season. Higher val-

ues mean better efficiency.

	· SEER

The Seasonal Energy Efficiency Ratio, a meas-

ure of the cooling efficiency of an air condition-

ing system over a cooling season. Higher values 

indicate better performance.

Formulas used:

To determine whether the building requires 

heating or cooling at a given time, it is necessary 

to evaluate the heating demand of the building 

at that specific moment.

To do so, some parameters need to be considered:

For any other cases, the building does not need 

any further actions (nor heating nor cooling).

	· If Temperature < Comfort 

Temperature for heating

	·  And Occupation > 0

	·  And Qheating/cooling< 0

	· If Temperature > Comfort 

Temperature for Cooling

	· And Occupation > 0

	· And Qheating/cooling > 0

Decision for Heating

Decision for Cooling
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Results:

The purpose of these calculations for the building 

envelope is twofold:

1.	 Compliance with European Legislation:  To 

determine when the building should be 

heated or cooled using external systems to 

meet the requirements of European legisla-

tion regarding comfort standards in working 

environments.

2.	 Performance Comparison: to compare these 

calculated requirements with the actual 

heating and cooling practices of the building.

This comparison will help identify potential im-

provements, such as adjusting the operating 

hours of heating/cooling systems or implement-

ing simpler measures like optimizing window 

usage to enhance energy efficiency and comfort.

To provide an elaborated example where the 

methodology for building envelope is explained, 

an example for a quarry located in the South of 

Spain will be provided. 

Example of data inserted for a building in a quarry

To assess the building envelope, it is also 

necessary to define the assessment period, as 

average daily temperatures must be recorded 

during that time. For this purpose, we are 

assuming that it is summer (April-October).

Data inserted

Construction year = 1980 p
water

 = 1 kg/m3

Length = 50m C
pair

 =1.012 kJ/kgK

Depth= 17m C
water

 = 4.1813 kJ/kgK)

Constant & Calculated Data

Height=12m air = 1.225 kg/m3

Awindows= 0.6m2 U
walls/ceiling/roof/floor

= 1.5 W/m2K

Outside Temperature for Cooling = 30 ºC A
wall

= 1608m2

Outside Temperature for heating= 10 ºC Air Changes/hour= 0.35 h-1

Ground Temperature= 15 ºC A
floor

= 850m2

Water Temperature= 15 ºC A
ceiling

= 850m2

Temperature of shower = 30 ºC Volume= 10200m3

Number of windows = 15 Q
people

= 120W

SCOP for water heating = 2.5 Q
internal

 = 5W/m2

Construction materials of building =
Cavity walls without insulation

Litters/person/day= 5 

Types of windows= single Total A
windows

 = 9 m2

Window Solar Gain = 0.5 SHGC

Comfort Temperature inside in summer= 26 ºC

Comfort Temperature inside in winter= 21 ºC

Hours

1:00

2:00

3:00

4:00

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00

22:00

23:00

Temperature
ºC

15

15

15

15

15

19

19

21

22

25

25

27

29

31

32

36

36

34

31

29

25

20

18

Irradiance 
90º (W/m2)

0

0

0

0

0

0

7000

7000

7000

7000

7000

7000

7000

7000

7000

7000

7000

7000

0

0

0

0

0

Occupation

0

0

0

0

10

10

10

10

10

10

10

10

0

5

5

5

5

5

0

0

0

0

0
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Once all the information is obtained, the 

formulas for the building envelope need to 

filled out. An example for a specific hour 

(14:00) is presented next:

5.	 Process

When talking about mines or quarries, it is ex-

pected that the greatest energy consumption 

will be in the production process. At this point, 

all those consuming and generating equipment 

located in the treatment plants of the extracted 

material will be taken into account. 

In order to carry out the energy audit, it is essen-

tial to describe in a precise and detailed way the 

production process being evaluated, from the 

extraction stages to the final product. Knowing 

this, the procedure carried out will be similar 

to that of the buildings, although, generally, the 

evaluation of lighting and environmental condi-

tions will not be relevant, since they are located 

in open industrial buildings.

Therefore, the most relevant thing to study will 

be the electric engines involved in the process.

Electric engines:
The evaluation of electric engines is critical, 

since they are the largest energy consumers in 

quarries, but their activity is generally not re-

corded or measured. In addition, intrusive tests 

involving process shutdown and handling can-

not be performed. For this reason, an indirect 

study of the engines is necessary. In this project, 

two different techniques have been used for the 

evaluation of the engines, which can be com-

plementary: the use of software and the use of 

thermographs.

Evaluation using software and calculations
Energy efficiency is the ratio of the amount of 

energy consumed to the final products and 

services obtained or the enhancement of 

products and services generated while main-

taining a given level of energy. 

In order to determine if the building needs cooling 

or heating at the specific time, it is needed to 

evaluate the three parameters as explained 

previously.

	· Temperature = 31 > Comfort Temperature for 

cooling

	· Occupation = 5 > 0

	· Q heating/cooling >0

Decision for Cooling

The calculation indicates that, for this time of the 

day, the building needs to use the cooling system 

in order to follow the directives for the correct 

temperature for working places.
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Energy efficiency ratios can determine the 

potential for energy savings. Improving the 

efficiency coefficient represents a specific 

level of savings. These energy efficiency indi-

ces or indicators are designed to analyze the 

energy efficiency of a particular activity and 

monitor changes in energy use. They also enable 

comparisons between different scenarios 

with varying energy efficiency conditions.

The ability to compare specific consumption is 

limited by the characteristics of various pro-

duction processes; for instance, the relative 

energy efficiency of producing a ton of aggre-

gate from gravel differs from that of producing a 

ton from limestone or granite. 

An energy efficiency index (EEI) can be defined 

based on energy consumption and cost data.

IE = K1 x CEx + K2 x CGO + K3 x CEE

This methodology enables the identification of 

deviations from the reference values established 

for the mines, thereby facilitating an accurate 

diagnosis of the energy performance of each 

facility.

The analysis procedure for each plant is based on 

a detailed study of the operating parameters, in-

cluding granulometric curves, the estimation of 

the specific power from Bond and Magdalinovic 

indices, and the process flow configuration. For 

the simulation and modeling of the treatment 

plant, specialized software such as MODSIM, 

LIMN, USIMPAC, or BRUNO is used to evaluate 

the energetic behavior of the equipment 

(crushers, screens, mills) under different operating 

schemes and load conditions. The integration 

of real data with simulation tools enables the 

construction of comparative scenarios and the 

optimization of technical-economic decisions 

associated with the fragmentation, comminution, 

and classification processes, with the objective 

of minimizing overall energy consumption without 

compromising productivity.

The list of required parameters for calculation is 

shown below (table2-7).

Energy consumption 
(kWh/t) (€/t)

CEx = Consumption or 
cost of explosive

Value Unit CommentsValue

CGO = Diesel
consumption or cost

CEE = Consumption or 
cost of Electrical Energy

Unit

CEx = Consumption or 
Cost of Explosive (kg/t) 

or (€/t)
(kg/t) €/t

CGO = Consumption 
or Cost of Gasoil (l/t) 

or (€/t)
(l/t) €/t

CEE = Consumption or 
Cost of Electrical Energy 

(kWh/t) or (€/t)
(kWh/t) €/t

Energy consumption 
or energy cost (kWh/t) 

or (€/t)
Value Unit CommentsValue Unit

Table 2-7
List of required parameters
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Table 2-8
General Data of the Plant

Fixed, mobile, or mixed installation (F, M, X) F/M/X

Type of rock

Density t/m³

General Data of the Plant                                              CommentsValue Unit

Composition of the rock (laboratory analysis) %

Wi (Bond work index of the rock) kWh/t

Total plant capacity t/h

Total plant power kW

Age of the plant years

Is the granulometric curve of the run-of-mine available? --

Approximate sterile material content (clays, silt, etc.) of the run-of-mine %

Size of the sterile material of the run-of-mine (pre-screening) mm

Size of the final products obtained (sub-base, ballast, gravel, sands) mm

Commercial destination, application, or sale of the obtained materials --

Flow diagram (plant flowsheet) with material distribution --

Note 1: Request plant processing scheme (Flowsheet)
Note 2: Request final products obtained (t/h) and produced sizes

Type, brand, and model --

Year of manufacture of the equipment years

Granulometric curves of the input,
recirculated (if applicable), and output 
material

--

CommentsValue Unit

Equipment capacity t/h

Reduction ratio (input/output) --

Equipment operation or runtime h/day

Utilization factor due to changes,
breakdowns, etc.

%

Maximum D100 size of the input material 
to the equipment

mm

Maximum d100 size of the output material 
from the equipment

mm

Width (small dimension/opening) of the 
feed mouth

mm

Length (large dimension/opening) of the 
feed mouth

mm

Fill one sheet per equipment

Equipment Data (crushers, grinders, cones, mills, screens ...)

Type of jaws (smooth: S, grooved: G) S/G

Bottom diameter of the nut (for gyratory 
crushers/cones)

cm

Setting or closing of the discharge mouth 
(measured in open or closed position)

cm

Rotation speed of the movable jaw, rotor, 
or nut (crushers and mills)

rpm

CommentsValue Unit

Speed (frequency) and amplitude of the 
vibration (screens

rpm/
mm

Surface area (screens) m²

Hourly capacity (screens) t/h/m²

Mesh opening size (screens) mm

Inclination (screens) º

Energy consumption per treated ton kWh/t

Motor power kW

Losses in gears and clutches? %

Fill one sheet per equipment

Equipment Data (crushers, grinders, cones, mills, screens ...)
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Following the detailed inventory and consumption 

tables for heavy machinery, it becomes possible 

to assess the specific energy demand associated 

with extraction and material processing activi-

ties. This data is critical for identifying the most 

energy-intensive equipment, understanding 

their operational cycles, and detecting ineffi-

ciencies due to underutilization, oversizing, or 

aging components.

By mapping out the energy profile of each piece 

of equipment, quarry managers can also better 

estimate the impact of future electrification in-

itiatives or renewable energy integration (e.g., 

photovoltaic arrays or battery systems). These 

insights ultimately support data-driven deci-

sions that enhance overall energy performance, 

reduce operational costs, and contribute to the 

site’s environmental sustainability goals.

Thermography
The second indirect method for the evaluation 

of electric engines is thermography. Thermog-

raphy is a fundamental tool in the detection 

and prevention of failures in industrial process-

es and electrical systems. Its application in the 

identification of hot spots makes it possible to 

anticipate possible failures, improving the safe-

ty and efficiency of equipment and production 

processes.

Infrared thermography allows the visualization 

of temperature distribution on a surface without 

physical contact, which facilitates the identifica-

tion of thermal anomalies before they become 

critical failures. Hot spots can be indicative of:

	· Overheating of electrical components.

	· Mechanical wear in rotating equipment.

	· Energy losses in thermal insulation systems.

	· Failures in electrical connections due to high 

resistance.

Hot spots can cause fires, short circuits or structural 

failures in equipment. Thermographic inspection 

allows a proactive response, minimizing opera-

tional risks and ensuring a safe environment for 

workers.

Moreover, the use of thermography allows the 

implementation of predictive maintenance 

strategies, reducing unscheduled downtime and 

extending the useful life of assets. With regular 

monitoring, interventions can be scheduled 

before a catastrophic failure occurs, reducing 

repair costs and improving operational efficiency.

The application in quarries is straightforward 

when it comes to electric engines. For an engine 

to be working properly, its temperature must 

not exceed 50°C of the ambient temperature of 

the site. In addition, the temperature can be re-

lated to the size of the engine, as too much load 

increases temperatures, while too low a load is 

related to low temperatures.

Figure 2-2 shows on the left an engine reaching 

a temperature of 72.8ºC and on the right, an 

engine with a temperature of 32.8ºC. The first 

engine is working improperly, which may lead to 

higher energy consumption and may cause pre-

mature engine failure.

Figure 2-2
Thermography evaluation of an engine
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Although the usefulness of thermography for 

engine failure detection has already been ex-

plained, thermography can also be used to de-

tect failures in conveyor belts or other process 

equipment. Images of conveyor belts analyzed 

by thermography are shown below. The first 

image (figure 2.3) shows a conveyor belt that is 

operating correctly, as no noticeable hot spot 

is detected. However, the second image shows 

the thermography of a conveyor belt on which 

a hot spot has been located, which in this 

case corresponds to a misaligned roller. This 

can lead to higher energy consumption and belt 

failure.

	· Precise control of variable speed drives in 

engines and conveyors, avoiding excessive 

consumption.

	· Automatic synchronization of equipment to 

avoid overloads and downtime.

	· Optimization of shredding and classification 

processes through energy efficiency algorithms.

	· Intelligent management of electrical load 

distribution according to demand.

On the other hand, automation systems allow 

continuous monitoring of operational and ener-

gy variables through sensors and management 

platforms. This enables:

	· Early identification of inefficiencies in energy 

use.

	· The implementation of automatic process 

adjustments to reduce energy waste.

	· Remote control of critical equipment, improving 

supervision and response to variations in 

demand.

	· Integration with predictive analysis software 

to optimize consumption patterns.

Moreover, automation facilitates predictive 

maintenance by collecting and analyzing 

operational data in real time. This enables the 

early detection of failures in engines, conveyors 

and crushing systems, to reduced downtime 

through scheduled interventions based on the 

actual condition of the equipment, the optimiza-

tion of the use of spare parts and maintenance 

resources, reducing operating costs and to im-

prove equipment life by avoiding overloads and 

premature failures.

The integration of automation in aggregate min-

ing represents a key advance in energy manage-

ment, ensuring more efficient, safe and profita-

ble operations.

					   

	

Figure 2-3
Thermography of conveyor belt (left) and hot spot 
detection on a misaligned roller (right)

Automation: 
Aggregate mining is an energy-intensive industry 

due to the operation of heavy machinery, crushing 

systems, conveying and classification of mate-

rials. Process automation allows for efficient 

energy management, reducing unnecessary 

consumption and improving equipment pro-

ductivity. Thus, automation is usually one of the 

most common methods of energy improvement 

on a building or a process. 

The implementation of automated systems al-

lows the dynamic adjustment of energy con-

sumption according to operational demand. This 

is achieved through:
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6.	 Transport &
Equipment inventory

A company’s vehicle fleet is a relevant source of 

emissions that needs to be considered. When 

we talk about quarries, the fleet is very heter-

ogeneous, as we can find from vehicles for em-

ployees to heavy machinery such as:  excavators, 

backhoe loaders, loaders, skid steer loaders or 

dumpers. When we talk about energy efficiency 

in transport, we mainly refer to:

	· Route optimization (outside the scope of this 

document).

	· Machinery consumption.

Consumption of mining machinery, as well as its 

control can be carried out through the inventory 

of equipment and the treatment of the energy 

consumption of the quarry. Both evaluations are 

detailed in the corresponding sections.

A critical step in conducting an energy audit at 

a mining site is the detailed accounting of all 

equipment and devices present at the location. 

This inventory encompasses not only the ma-

chinery used in energy-intensive processes such 

as ore extraction and transportation but also 

smaller energy-demanding appliances found in 

office buildings, including printers, laptops, and 

coffee machines. To ensure a comprehensive 

energy audit, it is essential to compile a detailed 

inventory list that includes the following parame-

ters for each piece of equipment:

	· Equipment name

	· Equipment Serial number

	· Brand

	· Model

	· Power Nominal (kW)

	· Categories

	· Maintenance

	· Last maintenance conducted (in years)

	· Location of the equipment

	· Fuel type

	· Operational hours per day/week/month

	· Usage days per month

 

The targets of this step of an energy audit are:

	· Identifying the exact number of inventory 

of the mine site. Creating a comprehensive 

list of all the equipment and assets will not 

only support to the energy audit itself but 

also provide the mine with a clear overview 

of its resources. This inventory will serve as 

a valuable reference for future evaluations, 

modification, and strategic decision-making 

to enhance efficiency and performance.

	· Determine the total energy consumption 

of all inventory on an hourly, daily, monthly 

and yearly basis by analyzing their nominal 

power ratings and the operational hours 

throughout the year. This requires obtaining 

accurate data from the mine site. However, 

given the challenges in data collection, esti-

mates based on nominal power ratings may 

deviate from actual usage, necessitating cer-

tain assumptions. Despite these constraints, 

the analysis aims to provide valuable insights 

for energy optimization and decision-making.

	· Identify the most energy-intensive processes 

based on nominal power consumption. This 

critical insight will enable the mine to pinpoint 

which equipment requires regular annual 

evaluations to prevent excessive energy use 

and inefficient operation. Additionally, this 

assessment will support failure analysis and 

energy consumption evaluations, ensuring 

proactive maintenance and optimization of 

high-consumption assets.

	· Identify the peak energy demand hour during 

the day based on the nominal power of the 

equipment. Understanding when the highest 

energy consumption occurs is crucial for 

evaluating renewable energy integration 

opportunities. To achieve this, a detailed 
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graph illustrating the hourly energy demand 

throughout the day will be created, providing 

a clear visualization of consumption patterns 

and potential areas for optimization.

	· Develop detailed graphs illustrating the 

energy demand of each process and building 

within the mine site. Analyzing the energy 

consumption distribution across different 

operations will provide valuable insights into 

usage patterns. By examining each process 

separately, it will be possible to identify areas 

of high consumption and potential inefficiencies. 

Typically, extraction and material crushing 

processes account for the highest energy usage, 

making them key focus areas for optimization.

	· Generate a summary graph displaying the 

total power consumption (kWh) per hour for 

all equipment. This visualization will provide 

a clear overview of energy usage patterns, 

serving as a critical reference for assessing 

the feasibility of integrating solar panels 

and battery storage solutions. By identifying 

peak demand hours and overall consumption 

trends, this analysis will support informed 

decision-making on renewable energy imple-

mentation and energy management strategies.

7.	 Energy consumption 
analysis.

Analyzing energy consumption in a mining oper-

ation is crucial for identifying inefficiencies and 

deviations from the optimal scenario. These de-

viations may include:

	· Energy contract violations: Exceeding agreed 

consumption limits, failing to meet contractual 

obligations, or improper classification under 

the wrong tariff structure.

	· Peak demand overruns:  Surpassing contracted 

peak demand thresholds, leading to costly 

penalties and increased energy expenses.

	· Off-peak underutilization: Inefficient energy 

usage during lower-cost tariff periods, missing 

opportunities for cost savings.

	· Idle equipment consumption: High standby 

or phantom loads from machinery and pro-

cessing units that continue consuming power 

when not in use.

	· Inefficient engine operations: Running engines 

at partial loads for extended periods instead 

of optimizing their usage for efficiency.

	· Reactive power penalties: Poor power factor 

performance leading to additional charges 

for excessive reactive power demand.

	· Inefficient ventilation and cooling: Overuse 

of ventilation or cooling systems beyond 

necessary operational needs.

	· Overuse of backup generators: Relying on 

diesel or backup power sources unnecessarily 

when grid power is available.

	· Inefficient haulage operations:  Poor energy 

management in material transportation, such 

as unnecessary idling of trucks or suboptimal 

routing.

	· Process inefficiencies:  Excess energy con-

sumption in crushing, grinding, or refining 

stages due to outdated or poorly maintained 

equipment.

	· Unplanned energy losses: Leakages or losses 

in compressed air, water pumping, or heating 

systems, leading to unnecessary energy waste.

	· Integration gaps with renewable sources: 

Failure to fully utilize on-site renewable energy 

potential, leading to excessive reliance on 

grid power.

In order to be able to evaluate the energy status 

of a quarry different points are essential. The 

most important of all is the analysis of the data 

obtained from the energy bills. For that reason, 

the real consumption that is illustrated on the 

energy bills for at least one year, need to be pro-

vided. The data need to refer to all the energy 

fuels that are used during the year.
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To carry out the energy analysis, it is necessary 

to collect consumption data as reflected in the 

invoices provided by the contracted ener-

gy suppliers. The required data includes the 

monthly consumption of each fuel used on-site, 

along with the corresponding monthly cost. In 

the case of electricity, both active and reactive 

power values must be provided for each month, 

in addition to the monthly cost. This information 

forms the basis for understanding current ener-

gy usage and financial expenditure. 

After collecting the data, all consumption values 

must be converted into a common unit (kWh) 

using appropriate conversion factors, depending 

on the type of fuel and units indicated. This 

standardization, allows to generate annual and 

monthly energy consumption profiles for each 

fuel, enabling direct comparison patterns and 

evaluation of the potential for incorporating 

renewable energy solutions, such as hydrogen 

production, into mining operations.

Thus, on this step, it is essential to express all 

the fuels´ consumption in the same units, which 

is why the energy content is converted to kWh. 

The conversion is carried out using the following 

formula:

The quantity can be given in litres (L) or cubic 

metres (m3) or kilograms (kg), depending on the 

fuel. It is necessary to transform it to kg, for LCV. 

However, some fuels may also be expressed in 

other units such as therms (Th), Million British 

thermal unit (MMBTU), or gigajoules (GJ). The 

corresponding conversions are as follows:

	· 1 L of liquid fuel is typically converted to kg 

based on the density of the specific fuel.

	·

	·

	·

The LCVs and fuel densities for the calculations 

are as follows:

	· 	Diesel:  

	· 	Gasoline: 

	· 	Natural gas: 

	· 	Liquefied Petroleum Gas: 

	· 	Coal: 

	· 	Coke: 

	· 	Biogas: 

	· 	Wood biomass: 

	· 	Hydrogen: 

	· 	Propane gas: 

	· 	Butane gas: 

In cases where the LCV is provided in MJ/kg 

or Mcal/kg, the energy will initially be in MJ or 

Mcal, respectively. To convert this energy to 

kWh, the following conversion factors are used:

Table 2-9
Collection of consumption data of 
one common fuel used in a quarry

Month 1 2 3 4 5 6 7 8 9 10 11 12

Consumption

Cost (€

Diesel
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After all the calculations for each fuel, a bar 

graph will be presented to illustrate the monthly 

consumption throughout the year, where the 

consumption in kilowatt-hours (kWh) will be 

shown as a function of the months of the year. 

Additionally, a pie chart will be created to display 

the proportion of total consumption for each 

fuel in kWh, thereby allowing the identification 

of the most used fuel in terms of energy con-

sumption. Lastly, a bar chart will be presented to 

reflect the total monthly energy consumption in 

kWh throughout the year, considering the sum 

of all fuels.

To provide a clear and detailed expla-

nation of the methodology, an example 

will be presented for a quarry in Spain 

that consumes diesel, natural gas, and 

electricity.

	· In January, the quarry consumed a total of 

7,543 liters of diesel. To convert the diesel 

consumption into kilowatt-hours (kWh), we 

applied the following calculations, which 

were previously explained.

	· Additionally, the quarry consumed 1,553 cu-

bic meters (m³) of natural gas, which resulted 

in a total consumption of 14,942.565 kWh. 

This conversion was achieved using the same 

formulas applied for the diesel calculation.

	· Furthermore, the quarry’s electrical energy 

consumption in January amounted to 43,356 

kWh. 

1.	 Transform it to m3

2.	 Transform to kg via density

3.	 We apply the equation

4.	 As we have the energy in MJ we have to 	

	 convert it into kWh

Table 2-10
Example of conversion of Fuels used to kWh 
for a Spanish Quarry for a year

Figure 2-4
Consumption of each fuel used on the Spanish 
quarry example for the year 2024.
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On the previous graphs (figure 2-4), the variation 

of fuels consumption during a year, in kWh, is 

shown. Out of these graphs, important outcomes 

can be observed and transform them in actual 

actions that can be written on the final report of 

an energy audit and be considered by the mine 

administration for further actions. For example, 

the electricity consumption remains relatively 

stable throughtout the year, with slight decreases 

during the mid-year months (June-August). 

An action that can be proposed is to investigate 

potential efficiency improvements (e.g. variable 

speed drives on engines, lighting upgrades) es-

pecially for months where higher usage persists 

without production increases.

On the last graphs, (figure 2-5), the distribution of 

the annual energy consumption of all the fuel types 

used after the conversion to kWh is shown. It is ob-

served that diesel is the dominant energy source, 

accounting for 55% of the total annual consump-

tion. An action proposal that is rising is to assess 

the feasibility of electryfying some diesel-powered 

operations such as drilling, hauling or auxiliary sys-

tems or explore alternative fuels such as biodiesel 

blends or hydrogen.

Figure 2-5
Distribution of energy 
consumption per fuel 

type (left) and the 
total consumption 

per year (right)

03Energy audit procedure for mines
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1.	 Introduction of
renewable energy to
energy audits

The integration of renewable energy into ener-

gy audits for quarries has become an essential 

aspect of improving energy efficiency and reducing 

environmental impacts. As part of a broader 

strategy to ensure sustainability and lower 

operational costs, renewable energy sources 

can be considered when conducting energy au-

dits in quarry operations. Below are some of the 

primary renewable energy sources that may be 

evaluated during energy audits in quarry facilities.

SOLAR ENERGY -  PHOTOVOLTAIC
Solar energy, harnessed through photovoltaic 

panels, is one of the most straightforward and 

widely applicable renewable energy sources for 

quarries, particularly in regions with high levels 

of solar radiation. The energy produced by solar 

panels can be used to power electrical equipment, 

lighting, water pumping systems, and other 

essential processes within the quarry.

Including solar energy in energy audits offers 

a significant opportunity for reducing reliance 

on conventional electricity sources, while also 

lowering operational costs by generating clean 

energy on-site. Solar power is particularly attractive 

because it has no direct CO
2
 emissions during 

operation, making it a sustainable choice for 

energy consumption

WIND ENERGY
Wind energy is another renewable energy 

source that can be evaluated during energy au-

dits. Through the use of wind turbines, energy 

can be generated by harnessing the power of 

prevailing winds. In regions where wind condi-

tions are favourable, wind turbines can contribute 

a substantial portion of the energy required for 

quarry operations.

Energy audits that incorporate wind energy assess 

the viability of wind turbines for providing 

electricity to various quarry systems, reducing 

dependence on fossil fuels and providing a con-

tinuous source of energy. Wind energy’s clean 

production and ability to generate power without 

emissions make it a valuable addition to any re-

newable energy mix.

BIOMASS
Biomass energy, derived from organic materials 

such as agricultural, forest, or quarry waste, can 

be included in energy audits to assess its poten-

tial for generating heat or electricity. Biomass 

can be processed into biogas or used directly 

in boilers for heating, providing a sustainable 

source of energy that also helps manage waste.

For quarries, biomass can present a dual bene-

fit by offering a renewable energy source while 

also utilizing materials that would otherwise 

be disposed of as waste. Energy audits that 

include biomass consider the practicality of 

waste-to-energy systems and their economic 

and environmental benefits.

03Renewable energies  
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BIOGAS
Biogas is produced through the anaerobic digestion 

of organic waste, such as from quarry-related 

activities or surrounding agricultural operations. 

The biogas, primarily methane, can be used for 

generating electricity or heat, providing a sus-

tainable energy solution for quarries looking to 

reduce their carbon footprint.

Energy audits involving biogas typically assess 

the potential for installing biogas plants to capture 

methane from waste sources. This energy source 

has a particularly low environmental impact, as 

it helps mitigate the release of methane—a 

potent greenhouse gas—into the atmosphere.

HYDROGEN
Hydrogen is an emerging renewable energy 

source, especially in the context of fuel cells, 

where it reacts with oxygen to produce electricity, 

with the only byproduct being water. In a quarry 

setting, hydrogen can be used as a clean fuel for 

machinery, trucks, and other operations.

Energy audits incorporating hydrogen evaluate 

its potential use in combination with other re-

newable sources, such as solar or wind energy, 

to produce green hydrogen through electroly-

sis. This offers a zero-emissions fuel option for 

heavy-duty operations, and its use in quarry 

processes can substantially reduce the overall 

carbon footprint of operations.

HYDROELECTRIC ENERGY
(MICRO-HYDRO)
In areas with access to consistent water flow, mi-

cro-hydro or small-scale hydroelectric systems 

can be evaluated during energy audits. These 

systems harness the power of flowing water 

from rivers or streams to generate electricity, 

providing a reliable energy source for quarries 

that is independent of weather fluctuations.

Energy audits focused on hydroelectric power 

assess the feasibility of installing micro-hydro 

systems in suitable locations, which can provide 

continuous and reliable energy while also reducing 

dependence on external energy suppliers.

GEOTHERMAL ENERGY
Geothermal energy utilizes heat from the 

Earth’s interior to generate electricity or pro-

vide heating. In certain regions with geother-

mal resources, energy audits may explore the 

potential of geothermal systems to support 

quarry operations, such as for drying materials 

or heating buildings.

Energy audits involving geothermal energy 

assess the technical and economic feasibility of 

tapping into geothermal reservoirs for energy 

production. This energy source is considered 

highly sustainable and low in emissions, providing 

a constant energy supply.

SELECTION OF KEY RENEWABLE
ENERGY SOURCES FOR THE QUARRY
After evaluating various renewable energy op-

tions, the following energy sources have been 

selected for implementation in this quarry’s 

energy audit: hydrogen, photovoltaic (solar 

energy), and biogas. These choices were made 

based on their potential to deliver sustainable, 

efficient, and cost-effective energy solutions for 

quarry operations.

	· Solar Energy: 

Photovoltaic solar energy was chosen due to its 

ability to provide a localized, renewable energy 

supply. It is a widely available and cost-effective 

solution, particularly for areas with abundant 

sunlight. Solar power generation can reduce the 

quarry’s dependence on the grid and offer long-term 

savings on energy costs. Its minimal environmental 

impact further aligns with sustainability goals.
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	· Hydrogen: 

Hydrogen has been selected for its clean energy 

properties, offering a zero-emission alternative 

to traditional fossil fuels. Produced using green 

hydrogen methods—where renewable electricity 

is used for electrolysis—this source offers long-

term sustainability, especially for heavy-duty 

machinery and transport. As the quarry aims to 

reduce its carbon footprint, hydrogen presents a 

highly promising and scalable solution.

	· Biogas: 

Biogas was selected due to its dual benefit: not 

only can it provide renewable energy, but it can 

also help manage organic waste, including resi-

dues from quarrying activities or surrounding 

agricultural operations. By capturing methane 

from organic waste, biogas helps reduce green-

house gas emissions while generating energy. 

This waste-to-energy approach supports both 

environmental and operational goals.

2.	 Algorithms for the 
evaluation of renewable 
energy potential.

SOLAR ENERGY
Solar energy is one of the most cost-efficient and 

widely used renewable energy sources worldwide, 

especially as a reliable solution for energy-inten-

sive industrial processes. When evaluating the 

feasibility of installing solar panels at a mine site, 

the following key steps are necessary:

FACILITIES MAPPING

The first step involves mapping the facilities to 

assess the availability of space around the mine 

site for the installation of solar panels. This step 

is critical as the type and size of the available 

space will influence the feasibility and efficiency 

of the solar panel installation. The evaluation 

considers different scenarios, based on the type 

of solar panels and their corresponding space 

requirements:

	· 110W panels: Require 0.75 m² per panel.

	· 200W panels: Require 1.4 m² per panel.

	· 400W panels: Require 2 m² per panel.

To accurately determine the availability of space, 

the following questions must be addressed:

COLLECTION OF ENVIRONMENTAL DATA

Gathering environmental data is essential to 

evaluate the suitability of the site for solar ener-

gy generation. This includes solar irradiance, 

climate conditions, and other factors that may 

affect the performance of the PV system.

ECONOMIC FEASIBILITY STUDY

An economic feasibility study assesses the cost 

of the installation, potential savings, and return 

on investment. While solar energy is cost-effi-

cient in the long term, the upfront installation 

costs can be high. Therefore, this step evaluates 

whether the investment is financially viable for 

the mine.

	· How many buildings are present on the mine site?

	· How many buildings have flat terraces and a height of at 

least 3 meters?

	· How many buildings have inclined terraces and a height of 

at least 3 meters?

	· What is the total area (m²) of the flat terraces?

	· What is the total area (m²) of the inclined terraces?

	· Are there any additional areas available for solar panel 

installation that are at a safe distance from operational pro-

cesses and unaffected by potential dust accumulation?
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SELECTION OF THE BEST SCENARIO

Based on the data collected and the analysis 

performed, different installation scenarios are 

compared. These scenarios consider factors 

such as space availability, panel type, energy 

requirements, and cost-effectiveness. The goal 

is to identify the most suitable solution for the 

mine site.

It is important to note that the above process 

provides an initial assessment of the feasibility 

of solar panel installation. However, due to the 

complexity and cost of renewable energy sys-

tems, a detailed study conducted by specialists 

is essential. These experts evaluate site-specific 

technical, environmental, and economic factors 

to make a well-informed decision about the 

installation.

By following these steps, mine operators can 

assess the potential for integrating solar energy 

into their operations, contributing to energy 

efficiency and sustainability.

In order to start the evaluation for PV installa-

tion, it is necessary to divide all the components 

for solar panels, namely the solar panels themselves, 

inverters and batteries.  So the following steps 

need to be followed:

	· Determine power consumption demand

The first step is to calculate the total daily 

energy demand, which is used to size the PV 

system, inventer and battery.

	· Sizing the PV module

This step involves determining the required 

PV system capacity and the number of panels 

needed to meet the energy demand.

	· Inverter sizing 

The algorithm calculates the appropriate size 

of the inverter based on the total wattage 

of the system (the sum of the wattage of all 

equipment on the mine site).

	· Battery sizing 

This step sizes the battery system based on 

the energy demand, autonomy and battery 

characteristics.

Inputs
Power Consumption per day (in Wh/day)
System inefficiencies, losses and safety margins= 1.3*

Outputs
Total Watt-hours/ day= Power consumption per day * 
System losses

*To ensure the photovoltaic system is adequately sized, a multiplier of 1.3 
is applied to the power consumption demand. This adjustment accounts for 
various system losses, including PV module losses, Inverter losses, wiring losses 
and battery losses. Together, these factors contribute to an approximate 30% 
reduction in efficiency, ensuring that the system can meet energy demands even 
under less-than-ideal conditions.

Inputs

Total Watt-peak (Wp) rating required to meet the energy 
demand.
Available PV module ratings (e.g., 110W, 200W, 400W).
Average space required per PV panel (e.g., 0.75 m² for 
110W, 1.4 m² for 200W, and 2 m² for 400W).
Generation factor=2.93 (for Europe)

Outputs
Total Wp= Total Watt-hours/day* Generation factor
Number of panels= Total W

p
/Panel Output W

p
Total Space required= Number of Panels * Space per Panel

Inputs
Total Wattage of the system
Average cost per watt for the inverter= 0.35€/Watt
Safety Margin Factor= 1.3

Outputs
Inverter size in (W)= Total Wattage of the system * Safety 
Margin factor

Inputs

Depth of discharge (DOD)= 0.6
Battery efficiency=0.85
Days of autonomy required=3days
Nominal battery voltage (e.g., 12V, 24V,48V)
Average prices of 400Ah (12V-500€ / 24V-1000€ / 48V-
2000€)

Outputs

Battery capacity for each type of nominal voltage of 
batteries

Number of batteries= Battery Capacity/400
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	· Decision on PV Installation

This step assesses whether the available space 

is sufficient for the selected PV modules. 

Whenever all the outputs are calculated, various 

scenarios need to be created in order to incorpo-

rate all the possible options for a PV installation. 

The main issues when trying to install solar pan-

els are the type of nominal power of PV that is 

being installed, the batteries and their types and 

then the inverter. 

CREATION OF SCENARIOS

In order to evaluate the possibility and econom-

ic feasibility of solar panel installation, different 

scenarios need to be created with the following 

characteristics:

	· Scenario 1: PV without batteries	

	· Scenario 2: PV with batteries of 12V

	· Scenario 3: PV with batteries of 24V

	· Scenario 4: PV with batteries of 48V

	· Scenario 5: PV without batteries

	· Scenario 6: PV with batteries

For each scenario, the same calculations need to 

be done, and based on the results, a compari-

son analysis is undergoing. The parameters that 

need to be evaluated are the following:

	· The prices of the PV panels + Installation (€)

	· Batteries cost + Installation (€)

	· Inverter cost + Installation (€)

	· Total investment cost (€)

	· Annual Maintenance Cost (€)

	· Total Cost over Lifetime -20years

	· Energy production of PV in kWh/year

	· Annual Savings (€)

	· Net present Value (NPV) (€)

	· Internal Rate of Return-IRR (%)

	· Payback Period (years)

	· Levelized Cost of Energy (LCOE) (€/kWh)

For each scenario, the possibility of each of the 

types of PV panels (110W,200W,400W) needs 

to be tested. Thus, the final methodology in-

cludes 6 scenarios and 18sub-cases. 

For the first 4 scenarios, the calculation of the 

quantity of PV panels needed is based on the 

achievement of the total coverage of the maxi-

mum hourly demand of the quarry based on the 

electrical bills. The exact calculations are 

described as following, taking as example 

scenario 2.

Inputs
Total available area (flat or inclined space)
Total space required for the installation based on the PV 
type

Outputs

Decision for each PV module type (110W, 200W, 
400W) based on space availability
	· If Available Space ≥ Required Space, the system 
recommends the corresponding PV type. If not, then 
the system rejects the specific PV type.

Based on the coverage of the maximum 
hourly demand

Based on the maximum number PV panels 
installed on the available space on quarry
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Scenario 2 : PV with batteries of 12V

Installation Cost ( 0.2€/Watt)

Batteries cost

Installation Cost (0.2€/Watt)

Inverter

Installation Cost (0.25€/Watt)

Total Installation cost

Investment Cost (€)

Annual Maintenance Cost (€)

Total Cost Over Lifetime (NPV) 
(€)-20Years

Energy Production (kWh/year)

Annual Savings (€)

Parameter

PV prices

200W PV

Number of Panels(200W)* 
Cost of one entity

400W PV

Number of Panels(400W)*
Cost of one entity

Payback Period (years)

NPV (€)

Internal Rate of Return (IRR) 
(%)

LCOE (€/kWh)

Usually the installation cost for panels is calculated based on the Watt-hours that need to be installed.
Total Watt-hours/day * 0.2€

Number of batteries * average price of batteries of each nominal voltage 

Battery capacity *  Price of installation based on Watt of battery

Inverter size * Average price of Watt 

Inverter size * Price of installation per Watt

Sum of the installation of PV panels of 110W, batteries and Inverter
Sum of the installation of PV panels of 200W, batteries and Inverter 
Sum of the installation of PV panels of 400W, batteries and Inverter

Sum of PV 100W/200W/400W price + Batteries + Inverter + sum of installation for each power 
nominal of PV panels 

For this calculation, we consider a 1,5% of the price of PV purchase and inverter and 3.5% of the 
batteries purchase.
1.5% ( PV cost + inverter cost) + 3.5% (batteries cost)

Investment cost + annual maintenance cost * 20years

Number of panels * power nominal of the PV * (average Daily Sunlight hours) * 365 days / 1000

Energy Production * Average Electricity Cost per kWh

110W PV

Number of Panels(110W)* 
Cost of one entity

Initial Investment / Annual Savings 

The NPV is calculated as:
 
Where:
	· C

t
: Net cash inflow during the year ttt.

	· r: Discount rate.
	· T: Total lifespan of the investment (e.g., 20 years).
	· C

0
: Initial investment cost.

	· A positive NPV indicates the project is profitable (returns exceed costs).
	· A negative NPV suggests the investment is not financially viable.

The IRR satisfies the following equation:
 
Where:
C

t
: Net cash inflow during year t (e.g., energy cost savings).

T: Total lifespan of the project (e.g., 20 years).
C

0
: Initial investment cost.
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DISCUSSION:

This section provides an in-depth discussion of 

the financial metrics calculated for the 110W, 

200W and 400W PV systems for each of the 

six scenarios. These metrics include the Net 

Present Value (NPV), internal Rate of Return 

(IRR), Payback Period, and Levelized Cost of 

Energy (LCOE), each offers critical insights into 

the economic viability of the PV installation on 

a quarry. A brief explanation of each of those 

metrics and also their importance is explained 

below. 

1. Net Present Value (NPV):

The NPV is a vital indicator of the project’s 

profitability, representing the present value of 

future cash flows minus the initial investment. In 

this case:

	· The NPV calculations take into account the 

total installation costs, annual energy sav-

ings, maintenance expenses, and a discount 

rate of 5%.

	· A positive NPV would indicate that the pro-

ject generates more value than it costs over 

the 20-year lifetime, making it financially via-

ble. However, if the NPV is negative or unde-

fined, it may result from high initial costs or 

low annual energy savings, emphasizing the 

need for cost reductions or improved energy 

production.

2. Internal Rate of Return (IRR):

The IRR reflects the discount rate at which the 

NPV becomes zero, effectively showing the 

annual return on investment for the PV system:

	· A higher IRR suggests a more attractive in-

vestment. For instance, if the IRR exceeds 

typical market returns (e10%), the project is 

a favorable choice.

	· The undefined or low IRR values in the ta-

ble could indicate that the system’s revenue 

streams (savings) are insufficient to offset 

the investment cost within the project’s 

lifespan. This highlights the importance of 

optimizing energy production and leveraging 

potential subsidies or incentives.

3. Payback Period:

The payback period measures the time required 

to recover the initial investment from annual 

savings:

	· For PV systems, a shorter payback period 

is desirable, typically less than 10 years for 

small-scale installations.

4. Levelized Cost of Energy (LCOE):

The LCOE provides a comprehensive view of the 

cost per kWh of electricity generated by the PV 

system:

	· Lower LCOE values indicate a more 

cost-effective energy source. For small-scale 

PV systems, LCOE values below local grid 

electricity prices are considered competitive.

	· Accurate energy production data (e.g., kWh/

year) is critical to determine whether the 

system can generate affordable energy over 

its operational life.

It is important to note that the formulas presented in this 

section are approximations based on average prices commonly 

observed across European countries. Consequently, quarries 

intending to apply these methodologies should first research 

the specific cost parameters and economic conditions rele-

vant to their country of operation. Adjusting the calculations 

to reflect localized prices and business practices is essential 

for achieving accurate and reliable results.
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SELECTION OF THE BEST SCENARIO FOR 

IMPLEMENTATION

To select the most suitable scenario, the follow-

ing step-by-step approach should be followed to 

eliminate non-viable options:

1.	 Initial Feasibility Check:

Begin by reviewing the section outlining the 

decision criteria for selecting the appropriate 

PV system (110W, 200W, or 400W). Assess 

which of the three options can be feasibly 

installed across the four main scenarios. If, 

for instance, the installation of the 110W 

system is deemed infeasible, all sub-scenarios 

within those scenarios are automatically 

excluded from further evaluation. The re-

maining sub-scenarios proceed to the next 

selection stage.

2.	 Payback Period Evaluation:

Starting from this stage, Scenarios 5 and 6 

join the selection process alongside the re-

maining sub-scenarios from the first four 

scenarios. For each of the remaining sce-

narios and sub-scenarios, eliminate any that 

have a payback period exceeding 20 years, 

as these are not considered economically 

viable.

3.	 Internal Rate of Return (IRR) Threshold:

From the remaining options, reject any 

scenarios with an IRR of less than 10%, as 

they fail to meet the minimum profitability 

requirement.

4.	 Final Selection Based on Quarry Priorities:

	· Low Investment Cost Priority: If the quarry 

prioritizes minimizing initial costs, com-

pare the remaining sub-scenarios and 

select the one with the lowest investment 

cost.

	· Energy Savings Priority: If energy savings 

are the primary goal, select the scenario 

with the highest LCOE (Levelized Cost of 

Energy), as it reflects the most cost-effective 

energy production. 

BIOGAS
To evaluate the potential of installation of bio-

gas, it is important to know some basic informa-

tion about the origin of the biogas from nearby 

facilities. The methodology required has as in-

puts the answers to the following questions:

	· Step 1: Indicate whether the mine has one or 

more of the following facilities in its vicinity: 

(multiple choices)

a)	 Landfills 

b)	 Intensive macro-farms for pigs or cows

c)	 Water treatment plants

d)	 There are no facilities nearby

	· Step 2: Indicate the approximately the size of 

the nearest facilities (1 selection)

a)	 Small

b)	 Medium/Large 

	· Step 3: Is there more than one of the 

above-mentioned facilities (1 selection)

a)	 1 or 2

b)	 3 or more

	· Step 4: Is there a biogas plant in the vicinity 

of the mine? (1 selection)

a)	 Yes

b)	 No

It is important to note that the use of biogas in 

mines is considered primarily as a substitute for 

natural gas, with the aim of reducing its environmen-

tal impact. If natural gas is not being used, the 

potential for biogas integration is virtually negli-

gible. The decision logic for the biogas potential 

is explained below.
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The following flow chart is used to facilitate the 

understanding of the methodology

	· If in step 1: any of the options a, b, or c

And in step 2: option b (Medium/Large)
And in step 3: option b (3 or more)
And in step 4: option YES

Conclusion: Great potential for biogas use

	· If in step 1: any of the options a, b, or c

And in step 2: option b (Medium/Large)
And in step 3: option b (3 or more)
And in step 4: option NO

Conclusion: Biogas use potential

	· If in step 1: any of the options a, b, or c

And in step 2: option a (Small)
And in step 3: option a (1 - 2)
And in step 4: option NO

Conclusion:  Low potential for biogas use

	· If in step 1: option d

Conclusion:  There is no possibility to use biogas

Decision Logic for Biogas Potential

Figure 3-1
Illustration of the decision logic 

for biogas potential
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HYDROGEN:
Hydrogen is one of the most promising sus-

tainable fuels. When it comes to reducing 

environmental impact from the quarry and 

mines, hydrogen is rising as an important 

green contributor. 

In order to determine the feasibility of the inser-

tion of hydrogen, some general numbers need 

to be explained. Once again, those calculations 

explained below are not addressing all the mine 

sites, so it is recommended that a more per-

sonalized analysis be carried out. 

Based on these ass  umptions, a preliminary 

evaluation study can be conducted to assess the 

feasibility of incorporating hydrogen production 

into mining activities, aiming to provide a sus-

tainable and green solution to reduce the carbon 

footprint.

To evaluate this potential, two scenarios should 

be considered, depending on the presence of an 

existing photovoltaic (PV) installation:

Case I: Existing PV Installation

In the first scenario, where the mine already 

has a PV system in place, the assessment relies 

on the annual electricity generation data from 

these panels. The following steps are followed:

1.	 1Total electricity produced by PV (kWh) – 

obtained from the PV system’s annual output.

2.	 Hydrogen production capacity (kg) = (Total 

electricity produced by PV) ÷ (60 kWh/kg of H
2
).

3.	 Hydrogen production cost (EUR) = (Hydrogen 

production capacity in kg) × (7 EUR/kg of H
2
).

4.	 Total energy generated for thermal processes 

(kWh) = (Hydrogen production capacity in 

kg) × (33.3 kWh/kg of H
2
).

Case II: No Existing PV Installation

In the second scenario, where no PV installa-

tion is present, an initial assessment must be 

carried out to estimate the potential electricity 

generation from a future PV system under op-

timal conditions. This assessment should follow 

the same methodology used in the PV sizing and 

estimation phase. Once the potential electricity 

production has been calculated, the same steps 

as in Case I are applied, using the projected PV 

electricity production instead of real data.

60 kWh of electricity are needed to produce 1kg of green hydrogen

1 kg of green hydrogen is needed to produce 33,3 kWh of electricity

11 L of water are needed to produce 1 kg of green energy

General Assumptions

The cost of green hydrogen is 7 euros/kg of hydrogen.
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1.	 Introduction of
E-mobility to energy
audits

“E-mobility” is a term used to describe the 

concept of using electric or electrified vehicles 

for transportation. It encompasses a wide range 

of electric vehicles (EVs) and electric mobili-

ty solutions, such as battery-electric vehicles 

(BEVs), plug-in hybrid electric vehicles (PHEVs), 

and various forms of public transportation that 

run on electricity. E-mobility aims to reduce 

greenhouse gas emissions and dependency on 

fossil fuels in the transportation sector by replacing 

traditional internal combustion engine vehicles 

with electrically powered alternatives. It is a 

key component of efforts to mitigate the envi-

ronmental impact of transportation and achieve 

sustainability and energy efficiency goals.

The mining industry is on the verge of a trans-

formative shift towards electrification. Electric 

vehicles and equipment are rapidly replacing 

their fossil fuel-powered counterparts for both 

environmental and economic reasons. This 

transition not only reduces the environmental 

impact of mining but also cuts energy costs 

significantly.

Historically, mining operations (NS Energy, 

2023) relied on labour-intensive and hazardous 

methods, with wooden supports, fire, and steam 

engines. Later, internal combustion engines 

powered mechanical drills, which expedited the 

extraction process but released harmful emissions, 

posing health risks to miners. Today, the industry 

is embracing battery-powered electric vehicles 

and equipment. These alternatives are not only 

cleaner and more reliable but also pave the way 

for innovations in mining automation.

However, transitioning to electric mining 

equipment is not as simple as swapping out 

old vehicles for new battery-powered ones. 

Operators must carefully consider factors like 

volume, distance, and site design. This transition 

demands investments in electric engines, 

generators, traction battery systems, and su-

percapacitors for energy storage and recovery.

EXAMPLES OF ELECTRIFICATION

MACHINERY USED IN MINES

Nowadays, there are plenty of electric options 

to choose from. Some examples of electric ma-

chinery are listed below and in Figure 3-2 some 

examples of actual electrical machinery used in 

mines.

	· Haul Trucks: large haul trucks used to trans-

port mined materials within a mine can be 

electrified. Electric haul trucks, such as the 

Komatsu eDumper, use battery packs for 

power and have regenerative braking sys-

tems to recover energy when going downhill.

	· Loaders: loaders, which are used to load ma-

terial into haul trucks or other equipment, 

can be electrified. Electric loaders are be-

coming more common in mining operations, 

offering cleaner and more efficient operation.

04E-mobility 



48
ENERGY  EFFICIENCY

	· Drills: drilling equipment used for excavation 

and exploration can be electrified. Electric 

drills, like the Epiroc Boomer E2, are powered 

by electricity instead of traditional internal 

combustion engines, reducing emissions and 

operating costs.

	· LHDs (Load-Haul-Dump machines): LHDs 

are used in underground mining to load and 

transport ore. Electric LHDs are available, 

such as the Sandvik LH518B, which offer 

quieter and more energy-efficient performance.

	· Conveyors: conveyors are used to transport 

mined material over long distances. Electric 

conveyors are more energy-efficient than 

their diesel counterparts and can be powered 

by renewable energy sources.

	· Crushers and Mills: crushing and grinding 

equipment used in ore processing can be 

electrified for more efficient and environmen-

tally friendly operation.

	· Rock Bolters: rock bolters used for securing 

underground structures can be electrified, 

providing a safer and cleaner alternative to 

diesel-powered equipment.

	· Water Pumps: electric water pumps are used 

in mining operations for dewatering and 

other purposes, reducing the need for 

diesel-powered pumps.

	· Fans and Ventilation Systems: electric fans 

and ventilation systems are crucial for main-

taining air quality and safety in underground 

mines.

	· Light Vehicles: smaller vehicles, like utility 

trucks and personnel carriers, can be electri-

fied for transportation within the mine site, 

reducing emissions and noise pollution.

All those examples demonstrate the versatility 

of the mine industry to achieve a greener and 

more sustainable operation by incorporating 

e-mobility to its process and electricity as a 

mayor player to the energy mix of the mine.

Figure 4-1
Electrical vehicle designed by Ampcontrol & PPK

Figure 4-2
(Red)Sandvil, (yellow) Komantsu.
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1.	 Improvement
measures to increase
efficiency 

The energy audit process conducted at a quarry 

involves a comprehensive evaluation of the facili-

ty’s operations, based on predefined parameters 

such as building condition, energy consumption 

habits, lighting systems, and renewable energy 

potential. Through the process of the energy 

audit and the evaluation of the responses on the 

questions proposed on the previous algorithms, 

deviations from optimal performance are iden-

tified for each of these parameters. Based on 

these findings, tailored improvement proposals 

are developed, each accompanied by an analysis 

that includes the following characteristics:

1.	 Application Cost: An estimate of the finan-

cial outlay required for implementing the 

proposal.

2.	 Expected Energy Savings: These savings 

are expressed either in percentage terms or 

absolute values, depending on the expected 

impact on energy consumption.

3.	 Sourcing Strategy Categorization: This 

categorizes each proposal based on the 

complexity of its implementation and the 

resources required, ranging from immediate 

internal actions (0) to external intervention (2).

The proposals are then categorized into two 

groups, each with distinct eligibility criteria for 

inclusion in the subsequent multi-criteria deci-

sion-making (MCDM) process:

1.	 Conditional Proposals: These proposals are 

directly linked to the specific parameters 

identified in the energy audit. Their eligi-

bility for inclusion in the MCDM process is 

contingent upon the responses provided by 

the user during this module. If the relevant 

parameter is applicable and the necessary 

data is available, the proposal will be con-

sidered an input in the decision-making 

process. If not, the proposal will be excluded 

from the MCDM process.

2.	 Unconditional Proposals: These proposals 

are independent of the specific parameters 

identified in the energy audit. They do not 

rely on user input or the audit’s findings and 

are therefore always eligible for inclusion 

in the MCDM process. These proposals are 

evaluated based on their overall potential 

benefits and feasibility, irrespective of the 

conditions on-site.(table 5-2)

This structured approach ensures that the im-

provement proposals are both practical and 

relevant, prioritizing actions according to their 

feasibility, impact on energy efficiency, and 

alignment with the quarry’s operational reali-

ties. By categorizing the proposals in this way, 

the decision-making process becomes more 

dynamic and adaptable to the specific circum-

stances of the quarry, while still incorporating 

a broad range of potential improvements that 

may be beneficial in any scenario.

Table 5-1 below presents all the parameters that 

are evaluated along this module, the deviation 

that need to be the necessary obligation for the 

correspondence proposal to be inserted to the 

MCDM process.

05Action plans for energy
efficiency improvement  
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Table 5-1
Conditional Proposals

Consumption habits

1 Are office spaces air-conditioned? No Offices need to be air-conditioned 0.2500.00 0

Nº Parameter Deviation
(appeared on the list) Improvement Proposal Energy 

Savings
Cost of

application
Sourcing 
Strategy

2 Is air-conditioning used in summer? No Offices need to be air-conditioned in summer 0.2000.00 0

3 At what temperature is it set? If Temperature< 26ºC Adjust the Temperature of air-conditioning in summer to more than 26ºC 0.2000.00 0

4 Is air-conditioning used in winter? No Open heating appliances in winter 0.2500.00 0

5 At what temperature is it set? If Temperature> 21ºC Reduce the temperature of heating to 21ºC 0.2500.00 0

6 In summer, windows normally remain Open Close windows on summer period during the day 0.0500.00 0

7 In winter, windows normally remain Open Close windows on winter period during the day 0.0500.00 0

8 Doors to the outside usually remain: Open Consider to close the doors to the outside always 0.0500.00 0

9
Can the work involve doors and windows being 

opened constantly? Yes
It is recommended to use efficient air conditioning systems or, if possible, 

to keep the area without air conditioning
0.1500.00 0

10 Are there blinds or sunshades? No Consider install blinds or sunshades on the windows 0.1005000.00 1

11 Are they used during working hours?
Yes on the previous question + 

No (for this question)
Consider use the blides on the windows on time where sun is enetering 

the working places
0.0300.00 0

12
Are there protocols for the use of blinds or 

sunblinds during very hot/cold periods?
No

It is recommended to create protocols for the use of the building’s blinds, 
according to the established comfort temperatures

0.0200.00 0

13 Are there presence detectors in corridors? No Installation of presence sensors for luminaires 0.0755000.00 2

14 Are there presence detectors in bathrooms? No Installation of presence sensors for luminaires 0.0755000.00 2

15 Are there presence detectors in common areas? No Installation of presence sensors for luminaires 0.0755000.00 2

16
Are lights normally switched off when a space is 

not in use?
No Installation of presence sensors for luminaires 0.0755000.00 2

17 Is hot water used normally in bathrooms? Yes
It is recommended to use hot water in bathrooms only when strictly 

necessary
0.0000.00 0

18 Are there automated methods of climate control? No
Installation of intelligent sensors for thermal

conditioning of spaces
0.20035000.00 2

19 Are indoor temperatures and humidity measured? No
Installation of intelligent sensors for thermal

conditioning of spaces
0.20035000.00 2

20
Are outdoor temperature and humidity

measured?
No

Installation of intelligent sensors for thermal
conditioning of spaces

0.20035000.00 2

21 The current situation of the building If good/bad/very bad selected
It is recommended to refurbish the building, especially considering the 

closing of thermal openings and insulation
0.30050000.00 2

22 Has been a recent renovation? No
It is recommended to refurbish the building, especially considering the 

closing of thermal openings and insulation
0.30050000.00 2

23 Has been a recent renovation on walls? No
It is recommended to refurbish the building, especially considering the 

closing of thermal openings and insulation
0.30050000.00 2

24 Has been a recent renovation on windows? No
It is recommended to install windows with double glazing and energy 

efficiency A
0.20080000.00 2

25
Summer period: Decision of Cooling for specific 

hours. ( excel, BB11 until BB 33)
For the hours where it has a 

decision of cooling
It is suggested to open, if possible,  the cooling system from .. Until .. 0.0500.00 0

26
Winter  period: Decision of Cooling for specific 

hours. ( excel, BB11 until BB 33)
For the hours where it has a 

decision of heating
It is suggested to open the heating system from ..

Until ..
0.0500.00 0

27 Type of windows installed single Suggested to improve the insulation by install double windows 0.20080000.00 2

28 Temperature of Water of shower If T< 35ºC Increase the water temperature of shower to at least 36-38ºC 0.000500.00 0

29 For each space of the buildings, lighting evaluation If lighting P evaluation is No
Study the luminaire in the space to check if there is an excess of luminaire 

or if there is a lack of luminaireRepeat the analysis once modified
0.1505000.00 2

30
For each space of the buildings, temperature 

evaluation
If Temperature assessment is No 0.200Consider adding heating/Cooling system to the space 40000.00 2

Lighting & Environmental conditions

31 Do they consume reactive power on the electricity? Yes
It is recommended to install a capacitor back to avoid reactive energy 

consumption
0.1008000.00 2

32 Do they consume any renewable energy? No
It is recommended to integrate renewable energies in the installation. If 

this is not possible, PPAs and guarantees of origin can be used
0.300200000.00 2

33 Installation of PV based on investment cost
If a scenario is chosen after the 

selection on the investment cost

It is valorised that the quarry has potential for solar energy utilization 
with low investment cost. Please consider contact an expert for a detailed 

analysis
0.300250000.00 2

34 Installation of PV based on energy saving
If a scenario is chosen after the 
selection on the energy saving

It is valorised that the quarry has potential for solar energy utilization for 
energy saving. Please consider contact an expert for a detailed analysis

0.300250000.00 2

35 Use of Hydrogen (if there is  no PV installed) YES PV must be installed prior to installation of hydrogen plant 0.2001500000.00 2

36 Use of Biogas low/Good/Great potential 0.250
It is valorised a potential for incorporation of biogas to the energy mix. 

Please consider the opinion of an expert analysis
250000.00 2

Energy systems

Renewable energies
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Table 5-2
Unconditional proposals

37 Installation of presence sensors for luminaires. 0.0755000.00 2

Nº Improvement Proposal Energy 
Savings

Cost of
application

Sourcing 
Strategy

38 Inspection of lines in electrical panels using thermography. 0.0753500.00 2

39 Apply maintenance and inspection plans for small motors. 0.0753000.00 2

40 Inspection of rollers on conveyor belts using thermography. 0.0753000.00 2

41 Integration of energy meters. 0.15020000.00 2

42 Installation of intelligent sensors for thermal conditioning of spaces. 0.20035000.00 2

43 Automation of processes and remote control. 0.250100000.00 2

44 Installation of control software. 0.20035000.00 2

45 Creation of review and maintenance plans for automatic control systems. 0.15010000.00 2

46 Specific consumption review monthly in invoices or with quarter-hour curves. 0.0753500.00 1

47 Upgrade of old small motors. 0.25030000.00 1

48 Creation of protocols for carbon footprint measurement and control. 0.12510000.00 2

49 Evaluation of projects for carbon emission compensation. 0.07520000.00 2

50 Modernization of the vehicle fleet. 0.400300000.00 0

51 Modernization of mining machinery. 0.400600000.00 0

52 Implementation of route optimization algorithms 0.25060000.00 2

53 Incorporation of recycled and artificial aggregates processes. 0.250300000.00 2

54 Use of batteries to combine with renewable energies. 0.400125000.00 2

55 Implementation of autonomous mining technology. 0.3501250000.00 2

56 Improvement in underground mine ventilation. 0.250175000.00 1

57 Water recovery and reuse. 0.200300000.00 2

58 Optimization of explosive use. 0.12560000.00 2

59 Implementation of waste management systems. 0.150125000.00 2

60 Installation of real-time monitoring systems. 0.20090000.00 2

61 Training and continuous education of personnel. 0.07530000.00 1

62 Use of drones for exploration and monitoring. 0.07560000.00 1

63 Optimization of the supply chain. 0.150125000.00 1

64 Development of energy storage systems. 0.250300000.00 2

65 Recovery of residual heat. 0.250175000.00 2

66 0.200Use of artificial intelligence for process optimization. 300000.00 2

67 Implementation of dust control systems. 0.07595000.00 2

68 Efficiency in the use of explosives. 0.12530000.00 2

69 Use of renewable energy in the mining site. 0.300300000.00 2

70 Improvement in the efficiency of internal transportation. 0.200125000.00 2

71 Implementation of programs to reduce water consumption. 0.15060000.00 2

72 0.200Optimization of grinding and crushing processes. 150000.00 1

73 Adoption of sustainable mining practices. 0.150125000.00 1

74 Digitization of mining operations. 0.200300000.00 2
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2.	 Manual on best
energy practices in
quarries

The following is a manual of good energy practices in 

aggregate extraction and processing quarries. This 

manual contains 54 energy efficiency measures 

covering different areas of the quarries divided in 5 

categories and 14 sub-categories. It is designed to 

provide innovative ideas that can enhance the sus-

tainability of this industry. 

BUSINESS MANAGEMENT 

Assign responsibilities

M.1: Create an Energy and Sustainability De-

partment

The creation of a department responsible for 

sustainability and energy efficiency can be highly 

valuable for several reasons. Firstly, having some-

one dedicated exclusively to proposing energy im-

provement measures, monitoring emissions, and 

calculating fuel and electricity consumption can 

ensure a reduction in overall energy use, thereby 

lowering operational expenses (OPEX). Secondly, 

it allows for a forward-looking approach. Given the 

EU’s emission and consumption targets set for all 

companies by 2030, implementing such a depart-

ment will become mandatory to avoid future 

penalties. Additionally, since this is not yet a 

common department in aggregate processing com-

panies, having one could serve as a differentiating 

factor that clients may consider when purchasing 

aggregates.

M.2: Proposals for improvement

It is crucial to ensure that the team presents the 

management with improvement measures for 

the aggregate plant that have both environmental 

and economic impacts. Additionally, they must 

be able to clearly explain the benefits, including 

calculating the return on investment (ROI), to 

encourage the company to invest in the pro-

posed projects.

M.3: Assign hierarchy

To ensure that objectives are met and proposed 

measures are implemented, it is essential to as-

sign an Energy Manager to oversee the work of 

the Energy and Sustainability department. 

Additionally, this manager would be responsi-

ble for reporting the department´s progress to 

the plant managers.

Guarantees of sustainability and compliance 

with objectives

M.4: Annual monitoring

An exhaustive and precise annual monitoring of 

electricity consumption, fuel usage, CO
2
 emissions, 

and other relevant metrics is crucial for es-

tablishing a database. This approach allows for 

the evaluation of the impact of implemented 

measures on consumption and provides a clear 

view of the company’s energy performance over 

the years.

M.5: Set targets: 

To ensure good results in terms of emissions 

and consumption, it is essential to set demanding 

annual targets as well as consumption estimates 

for the following years.

M.6: External Certifications:

Obtaining third-party certifications can enhance 

the corporate image. This way, customers know 

they are purchasing aggregates produced under 

sustainable criteria. An example of such a certi-

fication is the Dow Jones Sustainability Index, 

which is a set of financial indices that evaluate 

companies’ performance in terms of sustainability 

and corporate responsibility.
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M.7: External Audits

Carry out external audits by specialised compa-

nies, guaranteeing the veracity of the data and, 

like the previous measure, improving the corpo-

rate image.

M.8: Codes of conduct

Cooperating with the entire aggregate indus-

try (suppliers and competitors) regarding pub-

lic codes of conduct helps prevent actions that 

could be harmful to the sector.

M.9: Energy and Sustainability Report

Produce annual energy and sustainability re-

ports, explaining the measures implemented, 

their impacts, future challenges and emissions 

targets. It is also important to make this report 

public (e.g., publish it on the website).

M.10: Benchmarking

Benchmarking is a valuable comparison tool for 

aggregates companies wishing to improve their 

energy efficiency and sustainability. It allows them 

to learn from industry best practice, reduce 

costs, comply with regulations, improve reputation 

and become more competitive.

Awareness

M.11: Awareness campaigns

Provide environmental awareness courses 

and best practices to all employees. Employees 

should have the necessary knowledge and skills 

to be able to implement sustainability measures. 

This awareness will ensure the application of 

energy-saving policies and encourage active 

participation in reducing energy consumption in 

daily operations.

M.12: Conduct and/or attend energy workshops  

A workshop is an interactive and collaborative 

session where a group of people gathers to learn, 

discuss, and work together on a specific topic. 

Therefore, energy efficiency workshops can be 

created, where different companies from the 

aggregates sector participate. In these work-

shops, participants can present the measures 

they have implemented, fostering collaboration 

to make the sector increasingly sustainable.

M.13:  Bonus for achieving environmental ob-

jectives

Although plant workers are aware of the impor-

tance of implementing all the measures in this 

manual, it is also important for them to have an 

incentive, such as a bonus in their salary.

Work practices in the office

M.14: Pre-established work schedule

Ensure that the work schedule in the office is 

strictly followed. This way, energy consumption 

can be reduced by implementing non-operational 

hours for air conditioning and lighting.

M.15: Promote teleworking

As much as possible, promote teleworking for 

office employees. This way, car trips to plant offices, 

which are usually located on the outskirts of cities, 

can be minimized.

BUSINESS PRACTICES

Purchase of Renewable Energy

M.16: Purchase of PPA

PPA (Power Purchase Agreements) are long-term 

agreements between a company or industry 

and a renewable energy generator. These con-

tracts ensure the purchase of renewable energy 

at pre-established prices for a specified period. 

This agreement provides financial stability, as 

the energy price remains stable even if the 

energy market fluctuates. Furthermore, it guaran-

tees that part of the electricity consumed comes 

from sustainable and renewable sources.
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M.17: Purchase of Guarantees of Origin (GdOs)

Guarantees of Origin are certificates issued by 

certifying authorities that verify the production 

of renewable energy. These certificates allow 

consumers to demonstrate that they are using 

energy from clean and renewable sources. Al-

though there is a cost for these certificates, 

it guarantees that a portion of the electricity 

consumed by the plant comes from sustainable 

sources.

Purchase of materials for the plant

M.18: Total Cost of Ownership (TCO)

TCO is the total cost of ownership, which in-

cludes the total cost associated with an asset 

or project throughout its lifecycle. This includes 

the initial investment, the emissions generated 

by the asset over its lifetime, its fuel consump-

tion, and the cost of carbon. Therefore, when 

purchasing any type of machinery needed in the 

aggregates quarry, it is essential to carry out a 

TCO analysis. This not only provides environmen-

tal benefits, as it helps to buy the most sustainable 

equipment, but it also saves money in the long term.

M.19: Internal carbon price

To properly implement material purchasing 

through TCO, it is crucial to set an internal car-

bon price (for example, €30 per ton of CO
2
 emit-

ted). Currently, there is no requirement to pay a 

price for each ton of CO
2
 emitted, but this will 

likely be mandatory in the future. Therefore, 

the fewer tons of CO
2
 emitted now, the less will 

need to be paid or compensated in the future.

Energy consumption monitoring

M.20: Energy meters

Implementing energy meters on each piece of 

machinery in the quarry is crucial because, by 

having concrete data on energy consumption, 

it becomes easier to detect faults or inefficient 

machinery. To improve effective management, 

having up-to-date information on energy usage 

is essential.

M.21: Smart sensors

Smart measurement enables remote monitoring. 

Additionally, it measures other variables such as 

temperature, power factor, and energy quality. 

Thanks to these sensors, energy management 

can be further improved.

M.22: Periodic analyses

Due to the frequent failures of these devices, it 

is crucial to periodically audit the readings.

M.23: Review of electricity bills

Reviewing electricity bills on a monthly basis 

helps detect possible faults or spikes in consumption.

M.24: Unified storage of all data

It is vital to have a consolidated database with 

the consumption of each piece of machinery for 

a specific period of time. Obtaining this data will 

help identify energy efficiency projects with the 

greatest potential impact. It also helps assess 

the impact on the electricity bill when replacing 

machinery with more efficient alternatives.

PROJECT MANAGEMENT 

Government grants for energy efficiency projects

M.25: Government incentives and ecological in-

itiatives

There are various government incentives that 

promote sustainable development. It is there-

fore crucial to be aware of all of them in order to 

take advantage of these aids and implement as 

many measures as possible.

M.26: Participation in contests and awards

It is important to participate in contests to 

qualify for financial assistance and gain visibility. 
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For example, the National Association of Aggre-

gates Manufacturers (ANEFA) of Spain organizes 

the National Sustainable Development Awards.

Generation of savings from energy efficiency 

projects

M.27: Projects funded by other companies

The aggregates quarry could allow external 

companies to finance an energy efficiency pro-

ject, with the external company receiving a large 

percentage of the savings generated in order to 

recover the investment. This method is a way for 

the quarry to avoid using its Capital Expendi-

tures (CAPEX) for an energy consumption re-

duction project and have another company do it 

on its behalf. It is a method to reduce the quarry’s 

environmental footprint without affecting the 

company’s cash flow.

M.28: Use the savings generated for energy effi-

ciency projects

When the aggregates quarry invests in an energy 

efficiency project that generates savings, it could 

reinvest those savings into more projects that 

improve the company’s carbon footprint, thus 

creating a continuous cycle of improvement.

Carbon footprint

M.29: Carbon footprint registry

Calculating the impact of each project and the 

carbon footprint is crucial to document the 

amount of greenhouse gases emitted. The car-

bon footprint is expressed in tons of CO
2
 equivalent 

and uses emission factors to quantify CO
2
 emissions, 

accounting for both direct and indirect emissions. 

Therefore, preparing such a report can help 

identify the highest emission sources and focus 

efforts on those areas.

M.30: Emission Factors

It is necessary to update the emission factors 

annually, as they change from year to year.

M.31: Carbon offset

By calculating the carbon footprint, the amount 

of CO
2
 emitted into the atmosphere can be 

determined. Therefore, this measure involves 

investing in projects that absorb and/or offset 

the emissions generated by the company. These 

projects are usually focused on renewable ener-

gy and carbon capture.

M.32: CO
2
 absorption projects

These projects are part of the previous meas-

ure and focus on absorbing the generated CO
2
 

through reforestation, ecosystem restoration 

projects, etc.

QUARRY

Extraction and production process

M.33: Preventive maintenance

During the aggregates production processes, 

various types of machinery are used. To avoid 

breakdowns and inefficiencies, it is essential to 

carry out regular preventive maintenance.

M.34: Process automation

In many stages of the extraction and production 

of aggregates, human operators are involved. 

Automating processes could minimize errors 

and breakdowns, and improve machinery effi-

ciency. For example, crushing and grading tech-

nology could be enhanced by implementing 

smart sensors. Blasting processes could also be 

automated by implementing a control system 

that adjusts the optimal amount of explosive 

needed for the task, thus reducing explosive us-

age and its associated pollution.

M.35: Planning software

Various planning software can be incorporated 

into aggregates quarries to help improve effi-

ciency. For example, blasting design and simula-

tion software in a 3D environment. This software 

has different functions, such as creating blasting 



56
ENERGY  EFFICIENCY

Action plans for energy efficiency improvement 

plans according to the terrain conditions. This 

type of software helps engineers significant-

ly making their work much more efficient. At 

the same time, it allows different scenarios to 

be evaluated, enabling the optimization of 

blasting to achieve a rock size that requires the 

least amount of energy in its processing. 

Transport and fleet

M.36:  Modernize the fleet

It is important to consider modernizing the fleet 

because older vehicles can be inefficient.

M.37: Hybrid or electric vehicles

If the available fleet in the quarry is to be expanded 

or the existing trucks renewed, it is important 

to consider the option of using electric vehicles, 

as they have much lower associated emissions. 

If this option is not viable, the option of hybrid 

vehicles should be considered, as they use both 

combustion and electric engines and can reduce 

the carbon footprint.

M.38: Use of alternative fuels

There are various alternatives to gasoline-based 

fuels, such as biofuels, LPG, and hydrogen.

M.39: Implementation of route optimization 

algorithms

The routes followed by the company’s vehicles 

contribute to fuel consumption and, therefore, 

to the emission of pollutants. Optimization soft-

ware can be used to provide more efficient and 

environmentally friendly route alternatives.

Offices

M.40: LED lighting

Advances in lighting technologies present a 

great opportunity to reduce the environmental 

impact associated with energy consumption. 

LED lamps consume much less electricity and 

do not contain harmful materials. Therefore, 

replacing existing office lighting with more effi-

cient fixtures reduces energy consumption.

M.41: Motion sensors

With the continuous improvement of technolo-

gies, motion sensors help significantly reduce 

energy consumption in offices.

M.42: Take advantage of daylight

It is important to consider the amount of natural 

light outside in the offices, as if there is plenty of 

sunlight, it is not necessary to turn on all the office 

lights, thus taking advantage of daylight.

M.43: Limit air conditioning and heating

Today, there are various technologies to limit 

air conditioning and heating temperatures. This 

is an important source of emissions in quarries, 

so optimizing the office’s climate conditions can 

help reduce energy consumption.

M.44: Use green energy appliances

Nowadays, it is very common to use energy effi-

ciency labels, categorized from A to G. his label 

is used on household appliances, and the higher 

the rating (i.e., A), the greater the savings on the 

electricity bill. Therefore, when purchasing various 

machines needed for the offices, it is important 

to consider this label.

M.45: Limit paper use in the office

Due to digitalization, paper usage is decreasing. 

Although the use of this material has significantly 

declined over the years, it is important to continue 

promoting initiatives that encourage the use of 

technologies to store documents without the 

need for paper.

M.46: Tariff optimization

It is essential to optimize the contracted power 

during each period according to real needs. This 

is a way to reduce power during periods of lower 
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energy consumption and has a significant impact 

on the electricity bill.

Circular economy in quarries

M.47:  Recycled and artificial aggregates

Due to the large amount of solid waste generated 

by this sector, incorporating recycled and ar-

tificial aggregates into quarries would be very 

useful. These come from construction materials 

that have been demolished. It is a way to reduce 

the extraction of raw materials and promote the 

recycling of this material. However, it must be 

considered that these recycled aggregates must 

comply with quality, durability, and safety regulations.

M.48: Waste recycling

In the mining industry of aggregate extraction 

and manufacturing, there is a large amount of 

waste and toxic discharges harmful to the envi-

ronment. Therefore, it is important to identify 

and catalogue all this waste and create a recy-

cling program for each category, in accordance 

with the recycling regulations established by the 

European Union.

M.49: Reduce the amount of material

Aggregates quarries often produce much more 

material than what is sold. Therefore, it would 

be highly important to reduce these quantities 

to better align with actual demand, thereby 

generating significantly fewer leftovers.

M.50: Substitution of hazardous or 

hard-to-recycle materials

It is important to try to identify hazardous and/

or hard-to-recycle materials in order to replace 

them with less polluting materials or those that 

can be recycled.

M.51: Creation of a market for unsold aggregates

This measure is a way to improve sustainability 

in quarries and reduce the accumulation of un-

used aggregates. The sale of these aggregates 

can be encouraged through economic incen-

tives, facilitating transportation, etc.

ENERGY PRODUCTION EQUIPMENT

M.52: Solar self-generation

The photovoltaic solar generation method is 

the simplest and quickest to install. Due to the 

abundant sunlight in Spain, installing panels on 

the roofs of facilities or in an unused area can 

provide a significant source of savings in Operating 

Expenditures (OPEX). In addition, due to the 

lower price of the panels, it does not involve a 

large investment cost. In general, it should be 

considered that battery back-up is usually 

required since solar energy is not generated 

during the night.

M.53: Wind self-generation

Wind self-generation is much less common in 

aggregate quarries due to its high investment 

cost. However, it can be very useful as it can 

operate at night and generally does not require 

as many batteries as solar self-generation.

M.54: Batteries

Due to the inconsistent nature of energy pro-

duced through wind or solar power, total reliance 

on energy generation depends on ensuring a 

continuous supply. The use of batteries allows 

for storing excess production for future use, to 

power equipment, or to resell to the grid during 

periods of higher prices.  
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3.	 Action plan

METHODOLOGY

The action plan is the final result of an energy 

audit. It is developed by systematically identi-

fying key parameters, evaluating performance, 

and detecting any deviations from the require-

ments established in energy audit directives.

One of the initial steps in an energy audit is to 

define the three main criteria that will be used 

to evaluate proposed energy-saving measures. 

These criteria will serve as the foundation for 

ranking and selecting the most suitable proposals. 

To ensure a structured and objective evaluation, 

the Multicriteria Decision Making (MCDM) pro-

cess is applied. 

Multicriteria Decision Making (MCDM) is the 

process that will be followed and it is used to 

evaluate and choose the best option among al-

ternatives based on multiple, often conflicting, 

criteria. It involves:

	· Defining the problem – Clearly stating the 

decision to be made.

	· Identifying criteria – Listing the key factors 

influencing the decision

	· Assigning weights – Determining the impor-

tance of each criterion.

	· Evaluating alternatives – Scoring each op-

tion based on the criteria.

	· Applying a decision-making method – Using 

techniques like AHP (Analytic Hierarchy 

Process) or TOPSIS (Technique for Order of 

Preference by Similarity to Ideal Solution) to 

rank the alternatives.

	· Selecting the best option – Choosing the al-

ternative with the highest score.

Defining the problem: 
When conducting an energy audit for a quarry 

or mine, various proposals for energy-saving 

measures will be presented. These proposals 

must be ranked based on how well they align with 

the specific objectives of the quarry. To achieve 

this, a multicriteria decision analysis is applied, 

ensuring that the proposals are evaluated 

systematically, leading to an ordered list where 

the top-ranked option is the most beneficial.

Identifying criteria: 
As it has already been said, the first step is to 

rank the 3 important criteria (Cost application, 

Energy Savings, Sourcing Strategy). This step is 

highly important because the classification of 

the final proposals is based on the priorities and 

strategic goals of the quarry.

Assigning weights:
Once the criteria are established, it is essential 

to determine their relative importance. This 

is done by assigning weights to each criterion 

based on its significance in the decision-making 

process. The Analytic Hierarchy process (AHP) 

is commonly used for this step, involving the 

following procedure:

Pairwise Comparison: Each criterion is com-

pared against the other using a scale from 1 to 

9 where:

	· 1 = Equal importance

	· 3= Moderate importance

	· 5= Strong importance

	· 7= Very strong importance

	· 9= Extreme importance

Reciprocal values are used for the inverse com-

parison, e.g., If A is 5 times more important than 

B, then B is 1/5 as important as A
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Creating a Pairwise Comparison Matrix: A table 

is created where each cell represents the relative 

importance of one criterion compared to 

another.

Normalizing the Matrix:  The values in each 

column are summed, and then each value is di-

vided by the respective column total to ensure 

all values are within a comparable scale.

Calculating Priority Weights: The row averages 

of the normalized matrix determine the final 

weight of each criterion.

Example

The table compares three criteria: Energy Savings, 

Cost, and Sourcing Strategy. As an example, the 

following values are assigned to the mine based 

on the ranking of each criterion.

	· Energy Savings is rated 8 times more important 

than Cost

	· Energy Savings is rated 9 times more important 

than Sourcing

	· Cost is rated 6 times more important than 

Sourcing

Following the steps explained previously, the 

values are summed and then divided by the 

respective column sum as shown in the next 

table.

So, it is calculated that that the energy savings 

is the most important with 74,8%, it is followed 

by Cost by 19.5% and the least important, with 

5.7%, is Sourcing Strategy. This is the process to 

be followed to calculate the weights.

Evaluating the Proposals:
After establishing the priority weights, each 

proposal is assessed by inserting scores to the 

three categories mentioned before (cost of 

application, energy savings and sourcing strate-

gy). Table 5-3 illustrates this step.

This table is working as the basis of the pro-

posals that will enter as inputs in the MCDM 

process. Not all those proposals will be eligible 

in the end since they are connected with the 

previous assessments of the energy audits. 

Thus, after the evaluation of all possible parame-

ters, different proposals are eligible depending 

on the energy situation and deviations of the 

mine & quarry. 

Energy 
Savings

Cost

Sourcing

Criteria

1

1/8

1/9

Energy 
Savings

8

1

1/6

Cost

9

6

1

Sourcing

18

7.125

1.278

Column 
Sum

Energy 
Savings

Cost

Sourcing

Criteria

0.556

0.017

0.006

Energy 
Savings

0.562

0.140

0.023

Cost

0.704

0.469

0.078

Sourcing

0.748

0.195

0.057

Priority 
Weights
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Table 5-3
Proposals Matrix (left) and normalized scores (right)

Decision Matrix

Change in contracted power. Only for Spanish companies 0100 0

Proposals/Criteria Energy 
Savings

Cost of
application

Sourcing 
Strategy

Installation of PV panels. 0.45500000 2

Replacement/elimination of lighting. 0.1510000 1

Installation of presence sensors for luminaires. 0.0755000 2

Inspection of lines in electrical panels using thermography. 0.0753500 2

Apply maintenance and inspection plans for small motors. 0.0753000 2

Inspection of rollers on conveyor belts using thermography. 0.0753000 2

Integration of energy meters. 0.1520000 2

Installation of intelligent sensors for thermal conditioning of spaces. 0.235000 2

Automation of processes and remote control. 0.25100000 2

Installation of control software. 0.235000 2

Creation of review and maintenance plans for automatic control systems. 0.1510000 2

Specific consumption review monthly in invoices or with quarter-hour curves. 0.0753500 1

Upgrade of old small motors. 0.2530000 1

Creation of protocols for carbon footprint measurement and control. 0.12510000 2

Evaluation of projects for carbon emission compensation. 0.07520000 2

Modernization of the vehicle fleet. 0.4300000 0

Modernization of mining machinery. 0.4600000 0

Use of alternative fuels for combustion, such as biomethane, biogas,
hydrogen, or synthetic fuels.

0.3125000 2

Implementation of route optimization algorithms. 0.2560000 2

Incorporation of recycled and artificial aggregates processes. 0.25300000 2

Use of batteries to combine with renewable energies. 0.4125000 2

Implementation of autonomous mining technology. 0.351250000 2

Improvement in underground mine ventilation. 0.25175000 1

Water recovery and reuse. 0.2300000 2

Optimization of explosive use 0.12560000 2

Implementation of waste management systems. 0.15125000 2

Installation of real-time monitoring systems. 0.290000 2

Training and continuous education of personnel. 0.07530000 1

0.075Use of drones for exploration and monitoring. 60000 1

Optimization of the supply chain. 0.15125000 1

Development of energy storage systems. 0.25300000 2

Recovery of residual heat. 0.25175000 2

Use of artificial intelligence for process optimization. 0.2300000 2

Implementation of dust control systems. 0.07595000 2

0.125Efficiency in the use of explosives. 30000 2

Use of renewable energy in the mining site. 0.3300000 2

Improvement in the efficiency of internal transportation. 0.2125000 2

Implementation of programs to reduce water consumption. 0.1560000 2

0.2Optimization of grinding and crushing processes. 150000 1

Adoption of sustainable mining practices. 0.15125000 1

Digitization of mining operations. 0.2300000 2

0

Energy 
Savings

 2/9

0

0

0

0

0

0

 1/9

 1/8

1/9

0

0

1/8

0

0

 1/5

 1/5

 1/7

 1/8

1/8

1/5

1/6

 1/8

 1/9

0

0

1/9

0

0

0

 1/8

 1/8

1/9

0

0

1/7

 1/9

0.0000000000330

Cost of
application

0.0000001651341

0.0000000033027

0.0000000016513

0.0000000011559

0.0000000009908

0.0000000009908

0.0000000066054

0.0000000115594

0.0000000330268

0.0000000115594

0.0000000033027

0.0000000011559

0.0000000099080

0.0000000033027

0.0000000066054

0.0000000990805

0.0000001981609

0.0000000412835

0.0000000198161

0.0000000990805

0.0000000412835

0.0000004128352

0.0000000577969

0.0000000990805

0.0000000198161

0.0000000412835

0.0000000297241

0.0000000099080

0.0000000198161

0.0000000412835

0.0000000990805

0.0000000577969

0.0000000990805

0.0000000313755

0.0000000099080

0.0000000990805

0.0000000412835

0

Sourcing Strategy

0.015503876

0.007751938

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.007751938

0.007751938

0.015503876

0.015503876

0

0

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.007751938

0.015503876

0.015503876

0.015503876

0.015503876

0.007751938

0.007751938

0.007751938

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

0.015503876

Normalized Decision Matrix

00.0000000198161 0.015503876

1/90.0000000495402 0.007751938

00.0000000412835 0.007751938

1/90.0000000990805 0.015503876
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When this table is created, different steps need to 

be followed in the MCDM process.

	· Sum of all the scores of the eligible proposals 

for each criterion.

Example:

- Cost of application = 3.02784 * 1012

- Energy Savings = 1.9975

- Sourcing Strategy = 129

	· Each score is divided by the sum of the 

corresponding criterion to create a new ta-

ble with normalized scores for the proposals. 

(see table 5-3)

	· The previous criterion weights are multiplied 

with the corresponding normalized score 

of each criterion to create eventually the 

weighted normalized scores of each proposal  

(table 5-4).

	· Then, it is essential to identify the best and 

worst scores for each category, as shown in 

Table 5-5. It is important to note that the ‘best’ 

value does not necessarily correspond to the 

highest number. For example, in the case of 

application cost, the best score is the lowest, 

indicating that the proposal requires the least 

investment to be implemented. In contrast, for 

energy savings, the best score is the highest, as it 

reflects greater energy savings, while the worst 

is the lowest. The sourcing strategy follows the 

same pattern as the cost criterion, where the 

best score is the lowest (indicating no need for 

external assistance), and the worst score is the 

highest (a score of 2), indicating that external 

help is required.Next step is the calculation of 

the distances from the ideal best (A+) and ideal 

worst (A-) solutions. For each proposal, com-

pute the Euclidean distance to both A+ and A-. 

Table 5-4
Weighted Normalized Scores

0

Energy 
Savings

 1/6

0

0

0

0

0

0

0

0

0

0

0

0

0

0

 1/7

1/7 

 1/9

0

0

1/7

 1/8

0

0

0

0

0

0

0

0

0

0

0

0

0

 1/9

0

6.44259E-12

Cost of
application

3.2213E-08

6.44259E-10

3.2213E-10

2.25491E-10

1.93278E-10

1.93278E-10

1.28852E-09

2.25491E-09

6.44259E-09

2.25491E-09

6.44259E-10

2.25491E-10

1.93278E-09

6.44259E-10

1.28852E-09

1.93278E-08

3.86555E-08

8.05324E-09

3.86555E-09

1.93278E-08

8.05324E-09

8.05324E-08

1.12745E-08

1.93278E-08

3.86555E-09

8.05324E-09

5.79833E-09

1.93278E-09

3.86555E-09

8.05324E-09

1.93278E-08

1.12745E-08

1.93278E-08

6.12046E-09

1.93278E-09

1.93278E-08

8.05324E-09

0

Sourcing Strategy

0.000881496

0.000440748

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000440748

0.000440748

0.000881496

0.000881496

0

0

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000440748

0.000881496

0.000881496

0.000881496

0.000881496

 0.000440748

0.000440748

0.000440748

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

0.000881496

WEIGTHED NORMALIZED DECISION MATRIX 

03.86555E-09 0.000881496

09.66389E-09 0.000440748

08.05324E-09 0.000440748

01.93278E-08 0.000881496

1

Proposals/
Criteria

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

 1/6

Energy 
Savings

 0

6.44259E-12

Cost of
application

8.05324E-08

0

Sourcing Strategy

0.000881496

A+

A-

Table 5-5
Best and Worst for each criterion.
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This is done using the formula:

where Xi  is the value of the proposal for a 

given criterion, and Ai+ and Ai− are the ideal 

best and worst values for that criterion. The 

resulting values, D+ and D− are used to deter-

mine the final ranking, where proposals closer 

to A+ and farther from A- are preferred.

	· In this step of the TOPSIS method, the close-

ness coefficient (C) is calculated to determine 

how close each proposal is to the ideal best 

solution. This is done using the formula C = D- 

/ (D+ + D-), where D+ represents the distance 

from the ideal best solution, and D⁻ represents 

the distance from the ideal worst solution. The 

result is a normalized value between 0 and 1, 

where values closer to 1 indicate a proposal 

that is more favorable, while values closer to 

0 indicate a less desirable option. This calcula-

tion helps in the final ranking process, ensuring 

that the proposal with the highest closeness 

coefficient is selected as the best choice.

	· Next, to standardize the results and facilitate 

comparison, the normalized closeness 

coefficient is calculated by dividing each pro-

posal’s closeness coefficient by the total sum 

of all closeness coefficients. This is expressed 

as C
i
(normalized) = C

i
 / ∑C

i
, where C

i 
is the in-

dividual closeness coefficient and ∑C
i
 is the 

sum of all coefficients across proposals. This 

step ensures that all values are proportional-

ly scaled between 0 and 1, making it easier to 

rank proposals objectively. 

	· On this final step of the TOPSIS method, the 

proposals are ranked based on their normalized 

closeness coefficients, ensuring an objective 

selection of the best alternative. To determine 

the ranking, each proposal’s closeness coeffi-

cient is compared to the others, with higher 

values indicating a stronger preference. The 

proposal with the highest closeness normalized 

coefficient is ranked first, as it is the closest to 

the ideal best solution and farthest from the 

worst-case scenario.

	·  This ranking process provides a clear and 

structured way to prioritize the most effective 

energy-saving proposal, ensuring that the de-

cision is based on measurable criteria rather 

than subjective judgment. By following this 

systematic approach, the selection process 

remains transparent, consistent, and aligned 

with the energy audit’s objectives, ultimately 

guiding the quarry toward the most beneficial 

option.

	· The final step of an energy audit is the 

preparation of a comprehensive report. 

This document consolidates all data collected 

during the evaluation and presents a list of 

tailored improvement proposals specifically 

designed for the mine. These proposals are 

intended to be the highlight of the audit, 

offering actionable recommendations for 

enhanced energy efficiency. Once completed, 

the report is submitted to the mine’s adminis-

tration for further review and to support the 

internal decision-making process.
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