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Some thoughts what brings end of this century to building
sector, to life stile, inside and outside living conditions

Branislav TODOROVIC, Belgrad, Serbia
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Member of Russian Academy of Building and Architectural Sciences,
Member of Serbian Academy of technical Sciences,
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Abstract:

This article presents various information of many official and unofficial thoughts of
different authors, also of building and furniture producers, planers, UN statistics and IT
engineers and their plans regarding the development of smart cities and direction where
may the world go in coming future. English will be dominant language.

Key words: building sector, life stile, living conditions.

1. The smart city

The smart city makes use of automated technology to gather data, and then uses
that data to regulate and control any number of municipal systems. These systems
range from transportation to education, but also include complex networks of
buildings, roads, bridges and electric grids. Making cities smarter means making them
aware of the inputs that contribute to how these various systems operate, then using
technology automatically make things more efficient.

The goal of a smart city is to cultivate a more sustainable environment and be
sustainable city. One with less waste and inefficiency. This isn’t limited to just non
fossil fuel forms of energy production, either. Smart cities are making use of waste
management facilities that can convert garbage, and even sewage into usable electrical
energy. And the waste that cannot yet be converted into fuel is being better sorted into
recyclables or in waste. For example, Barcelona is consistently known as leader city
for various metrics used to analyze city intelligence. Despite being one of the oldest
and most storied cities in the world, they have managed to implement city wide
upgrades to their electrical grids, smart traffic and parking systems, even street lights
that are properly timed and use low energy bulbs and solar power for operation. Such
changes can be slow to adaptation due to the grand scale with which such transitions
must happen on.

“Smart” doesn’t necessarily point to the automated, artificial intelligence of
these different systems, but can simply refer to the way in which planners, architects,
and city officials approach any number of ubiquitous issues. Being smart about urban
design and architecture means understanding economic growth, density and zoning,
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and how the existing network of roads and grids can be better. It has almost everything
to do with the people who live in and are moving to these cities, and what sort of
cultural underpinning they represent. Those societal values are vital to determining the
direction a city is heading, and how smart it ultimately becomes. In addition a smart
city is a self-aware city, filled with self-aware people who are willing to take on the
conscience that comes with being sustainable. Those people understand the impending
environmental and social issues facing our future, and understand that if we do not
start putting a plan in place to change how we live, things could get bad and they could
get bad fast.

PEOPLE
—r

i

Fig. 1. The distribution of the world population

The number of Earth population is now about 7 milliards and each day this
number is increasing. The UN experts have done projection how the world could look
in 2100. The prediction is, world population could increase to 10 milliard and 80%
will live in cities. The experts believe due to increase it the result will be in so called
Mega Cities with population, over 20.000.000 as now are Delhi, Mexico City and
Bejing, some USA cities.

2. A vision of future lifes and buildings

The life of new generations will be changed and indeed, it is today already
changed. The people will be mostly living in cities and staying indoors. The new
buildings will mostly be in new towns. All Existing buildings will be renovated in next
100 years.

The new future buildings are going in the high and will have following
characteristics: optimized systems for personalized environment and improved health
and wellbeing, personalize comfort provision. Occupants have to learn behavior and
expectations, quantify and improve health and wellbeing, building systems will be
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modular, durable construction and interoperable adaptive building components will
consist of modular systems, embrace intelligent envelopes, composed of programable
and interoperable components. Also utilities, transactive networks and distributive
solutions for high efficiency and resilience, integrated centralized and decentralized
networks, connected to transact services and resources.

Community will have multifunctional and diverse services to support
community cohesion, adopt to changing needs, connected by multi modal
transportation network, measure and disclose holistic performance.

Environment: samples interaction of human and natural systems in the built
environment. Fully harvest onsite resources, tied from health influencers, monitor
environmental influences.

In next three decades there will be smart sleeping beds which will be adjusted
to how much sleep would a person need, how long to rest. Also are predicting
automatic color changes of furniture, walls, floors, curtains in rooms.

3. Dying lanuages
Today there are about 7000 languages and a lot of them will no more be in use.
Dominant language will be English.

4. Length of mens lifes

In 2010 average life length of world population was 65 years what was about
22%. In 2100 average life would be 81 years. But it was not taken as possibility
improvements of medicine and also negative influence of hunger, new illnesses,
consequences of nuclear wars, depleted uranium and also consequences of global
warming.

Energy sources as naphta, gas and coal will not exist if we are going to use as
now. It is expected increased use of Hydro energy and wind, solar and another
renewable energy sources.

5. Hunger and Water

Even today there are about one million of hungry people and grow of
population would this problem make more serious. About one million people are
hungry. Maybe the global warming producing drought increases this risk. Also
consequences of using so called “depleted” uranium which has dangerous left long
period of consequences to health.

6. How great firms and institutions define smart buildings

IBM: ,,Smarter buildings are well managed, integrated physical and digital
infrastructures that provide optimal occupancy services in a reliable, cost effective,
and sustainable manner. They help their owners, operators, and facility managers
improve asset reliability and performance, what, in turn, reduces energy use, optimize
how the space is used, and minimize the environmental impact of their buildings*.

American engineering and design firm LLC: ,,A smart building is the
integration of building, technology, and energy systems. These systems may include
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building automation, life safety, telecommunication, user systems, and facility
management systems.

“Smart buildings provide actionable information about a building or space
within a building to allow the building owner or occupants to manage the buildings*.

The European Commission has the following definition: ,,a smart building
means a building empowered by information and communication technologies in the
context of the merging Ubiquitous Computing and the Internet*.

Siemens has this version: “only solutions which create the greatest synenergy
between energy efficiency, comfort and safety and security will be sustainable over the
longer term solution that turn buildings into living organisms: networked, intelligent,
sensitive and adaptable®.

3. Conclusion

For smart and cities and towns are important educated, and intelligent people
use our buildings. Siemens has this version:

“Only solutions which create the greatest synenergy between energy efficiency,
comfort and safety and security will be sustainable over the longer term solution that
turn buildings into living organisms: networked, intelligent, sensitive and adaptable®.
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Economic and energy efficiency of investments in
digitalized systems

Gabriela Mehedintu!, Nicolae Postavaru?

Universitatea Tehnica de Constructii Bucuresti
Bd. Lacul Teinr. 122 — 124, cod 020396, sector 2, Bucuresti
E-mail: gabriela.mehedintu06@gmail.com

Abstract. The nowadays digital boom is a driver for the strategies of the companies that
want to remain long-term efficient. Investments in technological solutions, especially in
the facility management field, have a positive impact on the evolution of a company. This
paper will show through a practical example, how it is taken a decision in terms of a
technological investment in the facility management field and which the long-term
economic benefits are.

Key words: digitalization, facility management, BMS, investment

1. Introduction

Facility management is focused on the supportive services of the construction
sector. At the same time, it is the main responsible sector for over 80% of the total life-
cycle costs of a building and it influences 100% the utility consumptions. Therefore, in
an era of digitalization, investments in technology software are essential for economic
and energy efficiency and represent a priority for facility managers’ strategies of
optimization and adaptation to the new and to develop the investment into a successful
business model for the company.

2. Digitalization in facility management

Facility management is the second most important field in company, regarding
costs and economic impact on short-term and long-term perspective. It is a must for
the companies to follow the trend of digitalization and to adapt to new challenges, in
order to be a competitive company.

To achieve long-term benefits, managers within a company, especially in the
construction sector, must make decisions by having in mind that facility management
is a business in the life-cycle of an investment and that it can develop this investment
into a business with revenues. Facility management is an expense spread over many
years which highlights the construction business, brings added value to the building,
by creating technical and economic efficiency for the company. This added value is
reflected over time in an estimated and gained profit. If the company doesn’t focus on
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facility management and if it doesn’t take advantage of technological progress, the
estimated profit could be lost over time.

2.1. Benefits of digitization in facility management

“To be digital” is no longer a characteristic of tech companies and a market
trend, but a day to day necessity and an enabler, especially in the facility management
sector which, according to Frost & Sullivan’s market research report, will be worth
nearly $1 trillion by 2025. [1] A global study of MIT Sloan Management Review and
Deloitte shows that over 90% of the respondents anticipated in 2015 that digitalization
will be soon integrated part of our lives and of each industry, as we already rely on
technology each day. [2]

Digital technologies have radically changed the way of working, the workplace
itself and the way buildings and facilities are being used. With permanent internet
connectivity and cloud services, facility management employees can work from
anywhere and monitor and control the integrated system of a building, from the
personal computer, tablet or smartphone. At the same time, these technologies provide
complex information and database on activities and systems performance on which
facility managers can make data-driven decisions about the use of space, equipment
and installations, activities, resources and capital planning.

From this point of view, it is crucial for facility managers to adapt to the digital
world, in order to provide additional services for the building occupants, including to
meet their needs in terms of workplace conditions, but also to be more efficient in
terms of costs and environmental impact. Therefore, facility managers have to take
over their strategic role and invest in new technologies that improve services, reduce
costs and sustain business models. [3]

The digitization of the facility management function is playing out across four
dimensions [4]:

e Digitally-enabled FM services;

e Employee productivity and retention;

e Energy and sustainability management;

e Compliance.

The digitalization of the processes has to be implemented and used by people to
get higher productivity, better energy efficiency and better economic results, with the
existing resources.

2.2. The need of digitization in facility management

Although the digital world is part of our lives, there still exists companies and
buildings that are inefficient. In these cases, facility managers are managing heft
energy bills, lacking maintenance processes, dissatisfaction of the building’s
occupants. Now, in these times, it is the proper moment for them to adapt and to invest
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in technologies that can provide a better alternative to the status quo of the inefficient
buildings. They can convert to more intelligent buildings, by just adopting the
digitalization. [5]

Many studies show that technology used in facility management can reduce
costs and be more efficient and effective, whether we speak about automating monitor
of workplace environments such as temperature or humidity, or about the improved
productivity of the facility management employees by digitizing paper-based
processes. A SWG survey shows that nowadays, 72% of the survey respondents
(facility managers) are using technology to improve the management of staff and
contractors to minor equipment and allow pre-emptive maintenance, up 27% from
2015. Still, about one-third of the companies are using Excel spreadsheets and about
15% are using paper-based checklists to manage facility management activities. [6]
This shows that there is potential for growth and optimization in terms of the degree of
use of facility management technology.

2.3. Investment in BMS (Building management system), a first step into the
digital world

Based on the previous and numerous other studies on the impact of technology
on facility management, one basic solution for the non-tech companies to transform
into more efficient ones is the investment in a BMS (building management system).

BMS is a controlled system that can monitor, integrate and control data from all
equipment (electrical installations, HVAC, access control — for traffic monitoring, fire
alarm systems - advantageous for emergency cases, etc.) in a building, in two
directions: it takes signals from the field equipment and sends remote commands. [7]
The digital devices such as sensors, controllers, communication gateways acquire,
analyses and send data through the system and the user obtains actionable information.

[8]
[9]:

The interconnected data is providing information for the facility manager about

Building status and construction contracts;

Space management;

Equipment characteristics, history, needs, location, maintenance necessities;
Working environment;

Building occupants: performance, working time;

Resource usage;

Life-cycle scenarios, etc.

An essential part of building management is energy management. It aims to
minimize energy consumption, related emissions and energy costs. Energy
management applied to the building management includes:

e Optimization of industrial installations and their operation;

e Optimizing physical influences on energy consumption;

e Optimizing power supply.
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Important for the energy management is the comprehensive control of
consumption and costs. By systematic analysis of energy and water, costs savings
potential is identified and improvement measures are implemented if necessary.

Consumer savings and costs generated by energy management could have been
stabilized in recent years, using business management tools and modern and
transparent IT support. Also, the reduction of energy consumption contributes to
meeting the requirements for improving climate protection.

3. Evaluation of economic efficiency of investment in BMS

Facility management investments in modern technology are an intelligent
strategy for optimization and efficiency, due to their positive long-term impact on the
company.

In the context of sustainable visions, the investment decision must be based on
rigorous criteria that have the greatest benefits (maximum outcomes) under the
conditions of minimum economic efforts. Only in this way, the activity can work
effectively.

The evaluation of investment projects follows the costs and revenues realized
with impact on the company's overall financial situation and also on the national
economy, as they have a long-term impact and uncertainty, which is why the
evaluation must include the assumed risk. Only when the company's activity exceeds
the loss level is considered effective and has an optimal outcome.

Therefore, in order to identify correctly the economic value of the investment, it
is necessary to analyze the efficiency indicators. The economic analysis of investments
involves knowledge of hardly quantifiable components or interrelated and targeting a
system of values to be considered. Hence the wide variety of indicators and their
particular character. They try to express the content of the various economic
characteristics and give the decision maker information about the economic system at
that time.

4. Case study — Investment in BMS for an office building

4.1. Description of the Building Current State

A service company operates in an old office building in Bucharest, built in
1968-1973. It has one basement and 5 floors, a total area of 2.615,14 m? and a usable
area of 2.315,74 m?, where 163 employees work 40 hours per week. It is structured as
it follows:

e 1 reception;

e 06 lobbies;

e 31 offices;

e 10 toilets;
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7 storage room.

It has the following technical equipment:

1 elevator;

Electrical lighting equipment;

Low voltage electrical installations;

Gas central heating;

Radio burglar alarm system with 90 detectors;
40 air conditioning devices — 12.000 BTU;
Water supply system and sewage.

The consumptions and costs of the utility for the years 2015 and 2016 are
presented in the following table together with their graphic representation:

v Month Gas Electricity Water
ear ont Total cost (Lei) Lei/MWh Consumption (MWh)|Total cost (Lei) Lei/MWh Consumption (MWh) |Total cost (Lei) Lei/m® Consumption (m?)
2015|January 21.640,08 112,39 192,54 4.200,32 46,85 89,65 844,27 3,68 229,42
February 25.674,35 228,44 7.030,16 150,06 832,58 226,24
March 23.245,75 206,83 10.416,61 222,34 1.115,56 303,14
April 17.584,76 156,46 1.157,66 24,71 722,66 196,38
May 22.994,19 204,59 1.043,06 22,26 919,11 249,76
June 2.663,79 23,70 1.861,61 39,74 951,85 258,66
July 7.210,24 64,15 2.600,65 55,51 1.239,52 336,83
August 1.354,11 12,05 610,40 13,03 1.059,44 287,89
September 2.104,84 18,73 1.921,25 41,01 1.047,74 284,71
October 7.105,00 63,22 2.666,13 56,91 743,71 202,10
November 10.839,92 96,45 1.206,77 25,76 986,94 268,19
December 20.613,39 183,41 3.405,16 72,68 902,74 245,31
Total 163.030,43 1.450,58 38.119,80 813,66 11.366,13 3.088,62
2016/|January 23.326,29 130,00 207,55 2.694,19 42,36 63,60 1.134,27 3,72 304,91
February 16.148,79 143,69 406,94 9,61 977,58 262,79
March 18.145,45 161,45 2.691,85 63,55 760,08 204,32
April 23.370,73 207,94 1.033,71 24,40 2.759,68 741,85
May 21.637,74 192,52 1.330,73 31,41 1.370,48 368,41
June 13.138,87 116,90 4.822,42 113,84 839,60 225,70
July 12.130,89 107,94 2.970,16 70,12 2.013,63 541,30
August 1.941,13 17,27 5.051,61 119,25 1.199,76 322,52
September 376,53 3,35 970,56 22,91 1.075,81 289,20
October 5.743,87 51,11 3.456,61 81,60 1.728,31 464,60
November 5.996,45 53,35 4.876,21 115,11 1.234,84 331,95
December 19.030,08 169,32 3.021,61 71,33 1.276,94 343,26
Total 160.986,82 1.432,39 33.326,61 786,75 16.370,97 4.400,80

Fig. 1. Consumptions and costs of the utility for the years 2015 and 2016.
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Fig. 3: Consumptions of the utility for the years 2015 and 2016.

4.2. Presentation of the investment alternatives

After a market research and an analysis of the best in class alternatives, the
facility manager of the building has chosen two personalized offers, with similar
technical properties:
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e Offer 1:638.015,00 lei VAT excluded;
e Offer2:655.110,00 lei, VAT excluded;
Both offers of BMS includes following systems:
Fire protection system;

Security system;

Integrated HVAC system;

Lighting system with sensors;

Water system with sensors;

Site controllers;

Field equipment;

Integrated software.

4.3. Assessment of the investment economic efficiency by calculating the
economic indicators

In order to decide upon the best alternative for the building, in economic terms,
we will calculate some efficiency indicators:
a) Investment value/volume of the invested capital — the total economic effort
made for the investment, in order to achieve the objective:

fe = Iq+Icop + Ieon + Cs (1

Where:

[ = total investment

I4 = direct investment (reflected through the general estimate)

Lot = collateral investment (access roads, ensuring the power supply etc.)

Lcon = related investment (expenses regarding the initial equipment, additional

expenditure)

Cs = additional investment expenditure (design, preparing the human resources

necessary for the new objective, etc.)

b) Investment performance term: until the commissioning, the financial
resources are blocked. It is measured starting from the signature date of the
contract. A commissioning before the scheduled term means an economic
advantage.

c) Operation time of asset: starts upon its commissioning, should be as long as
possible, under the conditions of a proper functioning.

d) Investment payback period: indicator with a strong impact on the investment
decision because it offers information about the period in which the invested
capital is recouped from the economic results of the asset performance.

For assets to be modernized:

I
D= m
Prm=Pho (2)

Where:
D = payback period
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Iim = value of the capital invested in modernization
Pnm = annual profit got after modernization
Pro = annual profit got before modernization — it will be recouped from the extra
profit obtained as a result of the investment
In order to estimate the payback period time and to calculate the economic
return on investment, it is considered an operation period of 15 years, an increase of
the profit as presented in the following table and a constant annual net profit growth of
4% beginning with the year 2020.
Year Net annual profit (lei)
2015 2.241.060,59
2016 2.297.087,10 N2,5%
2017* |2.370.593,40 13,2%
2018* |2.656.817,60 13,5%
2019* | 2.749.806,22 13,5%
2020* |2.859.797,30 N4%
*estimated
Fig. 4. Estimated annual net profit.

e) Economic efficiency coefficient: is the reverse of the payback period.

f) Economic return on the investment: the most comprehensive indicator
because it takes into consideration the whole investment process. Simply
explained, the indicator shows how many lei can be obtained as profit from
each lei unit invested:

Where:

P, = total annual profit

Pn = net annual profit got after having recouped the investment, until the end of
the operation time

[ = total volume of investment

D = operation time

g) Investment payback speed: gives information about how many times the
invested capital can be recouped during the operation time.
According to the calculations and the analysis of the indicators of the
investment economic efficiency, it is obvious to decide upon investment 1 in BMS, as
the best solution for the given building. The green marked results are the proof of this.
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Indicator name Investment 1 | Investment 2
Investment value 645.345,00 662.440,00
Completion time 11 months 8 months
Operation time 15-20 years | 15-20years
- Site controllers 15-20 years 15-20 years

- Land equipments 15-20 years 15-20 years

- BMS Software (+updates) 3-5 years 3-5 years
Payback period 2.25 years 2.32 years
Economic efficiency coefficient 0,44 0,43
Economic return 5,71 5,53
Payback speed 6,66 6,46

Fig. 5. Investment economic efficiency.

But, it is not enough to take into consideration only these indicators, when
deciding upon an investment. It is also necessary to take a look at the economic
advantages given by the consumptions after implementing the new system.

4.4. Estimating the consumptions after investments

The future consumptions of the utility for the next three years can be estimated
based on the technical specifications of the equipment and n the experience and data
provided by the two BMS suppliers:

e Alternative 1: In the year 2017, the consumption is growing, because it is
the year of the investment implementation. After that, it is expected a total
decrease for all utility, as a result of the BMS: 30,67% for gas and 4,67% for
water. The highest reduction should be in electricity, 65,86%, due to the
new efficient equipment, as described in the following two figures:

Annual utility consumption with investment 2
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Fig. 5. Estimated evolution of annual utility consumption with investment 1.
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Investment 1 Gas (MWh) Electricity (MWh) Water (m3)
2015| 1.450,58 813,66 3.088,62
2016 1.432,39 786,75 4.400,80
2017| 1.488,40 801,02 4.510,22
2018| 1.142,50 | 23,40% 256,89 |, 67,93% | 4.117,83 | 8,70%
2019| 1.172,86 |, 21.20% 292,85 |, 63,44% | 4.154,36 |, 7,89%
2020| 1.156,93 | 22,27% 270,66 |, 66,21% | 4.144,89 , 8,10%
Total | 32,13% 4 22,29% d» 65,86% 4 8,23%
Fig. 6. Estimated annual utility consumption with investment 1.

e Alternative 2: As in the first case, in 2017 the consumption is expected to
grow due to the implementation period of the BMS. After the
implementation, following decreases in utility consumptions are expected:
31.56% for gas, 71,69% for electricity and 4,80% for water, as described in
the following two Figures:

Annual utility consumption with investment 2
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Fig. 7. Estimated evolution of annual utility consumption with investment 2

Investment 2 Gas (MWh) Electricity (MWh) Water (m3)
2014| 1.450,58 813,66 3.088,62
2015| 1.432,39 786,75 4.400,80
2016| 1.488,40 801,02 4.510,22
2017| 1.006,16 | 32,40% | 222,60 | 72,21% | 4.289,22 |, 4,90%
2018| 1.010,47 |, 32,11% | 233,58 | 70,84% | 4.289,22 |, 4,90%
2019 1.039,35 | 30,17% 224,13 |, 72,02% | 4.302,75 | 4,60%
Total {,36,02% J 31,56% J 71,69% J 4,80%

Fig. 8. Estimated annual utility consumption with investment 2.
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4.5. Investing in BMS Final Outcomes

The above analysis shows that the most consumption savings are coming from
the electricity, as it is the resources used by all equipment of the building. The
improvements as a whole are about 80% due to the efficiency of the heating and
cooling system and the rest due to the lighting system. [10]

When analyzing only the economic effect of the investment in BMS for the
office building, it is very clear that the first investment alternative is the winner. But
when looking at the consumptions, the decision goes in the direction of the second
alternative:

Utilities consumption Investment 1 | Investment 2
Gas 4 22,29% { 31.56%
Electricity J 65,86% J 71.69%
Water J 8,23% 4 4.80%
Total 432,13% 4,36,02%

Fig. 6. Estimated utility consumption savings.

Although, the advantages of investing in a BMS do not refer only to the energy
and cost savings. Due to the modern technology, there are also benefits such as:

e The result of the digitalization:

O Monitoring of the utility consumptions and possibility to adapt the
equipment for a more efficient use;

O Managing the alerts for emergency cases;

0 Monitoring and controlling all equipment;

0 Overview of whole activity of the building;

e The reduction of CO; emissions;

e The increased comfort and satisfaction for the building's occupants and

therefore increased productivity;

The final decision of the facility manager regarding the best alternative for
investing in a BMS that fits the need of the office building depends first of all of the
openness of the company to the new digitalized world, but most of the company’s
investment strategy.

5. Conclusions

In a technologized era, there is a need for a shift from the traditional work to a
digitalized process-based management, with data-driven decisions that can improve a
company’s performance.

Modernization through digitization and restructuring of economic activity has a
beneficial effect on economic efficiency, both through the efforts made to promote the
modernization pathways and the economic effects of this action. From the point of
view of the economic effects, this type of activity has several advantages, but the most
important one is considered to be the influence it exerts on the qualitative sides that it
determines.
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Studies show that investments in equipment and technology integrated into
facility management activities can lead to cost efficiencies of up to 30% within a
company, as facility management is the second largest cost center in an organization.
Early identification of the need for investment, optimization and efficiency is vital for a
good adaptation to new reality, innovation and progress. The economic efficiency of
investments is a fundamental issue in facility management and a project will be effective
if the calculated efficiency indicators meet the general requirements of the organization.

From a technological point of view, the investment of a company in a BMS is
beneficial both to the building owners (equipment control and monitoring, reduced
risks, flexibility, energy efficiency and increased operating savings, high revenue from
perceived rents) and building’s occupants (control, productivity, comfort, financial
savings and maintenance time).

Started from all aspects listed in this paper, the facility management sector is, in
this case, the key to the evolution and success of a company, because based on a
digitalized support, the facility manager with its team can ensure that facilities are
functioning properly, can improve their efficiency by having a complex overview of
their status and can anticipate and prevent actions with negative impact on the
buildings, their occupants and on the company as a whole. It can align the facilities to
the strategy of the company by controlling the value and efficiency of investments and
long-term costs.
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Rezumat

Lucrarea are ca obiectiv o analiza energeticd care se referd la o cladire bine izolata termic,
astfel incat puterea termica livrata prin intermediul debitului de aer proaspat incalzit are
contributia de baza in acoperirea necesarului de caldura al cladirii. Restul contributiei de
putere termicd apartine unei instalatii de incdlzire de joasd temperaturd. In prima parte a
lucrarii se stabileste o corelatie intre numarul de schimburi de aer al volumului spatiului
incalzit, coeficientul global de izolare termica al cladirii si gradul de acoperire energetica
oferit de sectiunea de ventilare.

Analiza energetica se refera distinct la sectiunea de ventilare, la sectiunea de incalzire
centrala si pe ansamblul cladirii. Fiecare din cele doud sectiuni mentionate prin care se
livreaza putere termica in spatiul cladirii in vederea acoperirii necesarului de caldura este
dotata atdt cu sursa clasica cdt si cu sursa regenerabild: sectiunea de ventilare cu roatd
recuperatoare iar sectiunea de incalzire cu pompd de caldura tip aer-apa.

Rezultatele obtinute sunt prezentate tabelar, grafic si printr-un set de diagrame referitoare la
puterile termice si la energiile livrate prin fiecare din componentele celor doud sectiuni si pe
ansamblul lor. Diagramele prezinta comparativ situatia lunarda §i anuald a puterilor §i
energiilor pe cele doud sectiuni mentionate.

Cuvinte cheie: roata termica recuperatoare, sistem cu debit de aer constant, incalzire de joasa
temperaturd, ratd ventilatie, coeficient global de izolare termica.

Abstract

The paper focuses on the thermal analysis of a well insulated building, where most of the
heating energy that compensates the heat losses during the winter time is delivered through
the dedicated fresh air system. The rest of the heating energy is provided by a low
temperature heating system. The first part of the paper establishes a correlation between the
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building’s hourly air changes value, the global thermal insulation coefficient and the energy
coverage ratio of the ventilation system.

The thermal analysis deals separately with the ventilation part, the central heating part and
the building’s ensamble. Both heating systems designed to cover the heat losses of the
building are connected to a classical heating source and also to a renewable one. The
dedicated fresh air system has as a renewable source a heat recovery thermal wheel and the
low temperature system an air-water heat pump.

The results are presented in tabular form, graphically and through a set of diagrams which
depict the heating power and heating energy separately for each component and for the
ensamble. The diagrams show a comparison for the monthly and annual thermal analysis.

Key words: thermal recovery wheel, dedicated fresh air system, low temperature heating
system, ventilation rate, global thermal insulation coefficient.

1. Introducere

Realizarea consumurilor reduse de energie pe baza de combustibili fosili in cazul
cladirilor de tip rezidential sau nerezidential este o preocupare continud a cercetatorilor in
domeniu care dureazi deja de mai multi ani. In acest timp s-au identificat o serie de
solutii care pot fi adoptate. Parte din ele au fost deja adoptate in diverse investitii, fiind si
expertizate energetic. Acesta este domeniul la care se refera si lucrarea de fatd. Atingerea
unor consumuri reduse de energie pe baza de hidrocarburi se realizeaza printr-o serie de
masuri care vizeaza atat cresterea gradului de izolare termica al cladirii cat si sisteme de
incalzire de joasd temperaturd cu utilizarea surselor regenerabile.

In cadrul lucririi, utilizarea surselor regenerabile se referi la recuperarea caldurii
din aerul viciat evacuat si la utilizarea pompei de caldurd aer-apa. Dupa cum se prezinta si
in cadrul lucrdrii se pot face corelatii intre gradul de izolare termicd al cladirii si
posibilitatea de acoperire energetica pe baza energiei din surse regenerabile.

2. Descrierea solutiilor. Modelarea proceselor

Dupa cum este cunoscut, necesarul de caldura pe perioada sezonului rece a anului
are doud componente si anume necesarul de cdldura care trebuie sa acopere pierderile
termice prin transmisie prin anvelopa cladirii si necesarul de caldurd care trebuie sa
acopere pierderile de caldurd datorate infiltratiilor de aer sau ventilarii spatiilor Incalzite.
In ceea ce priveste ventilarea spatiilor se va impune realizarea numarului schimburilor de
aer normat, in functie de destinatia spatiilor cladirii.
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Pe partea de asigurare a cotei de aer proaspat necesar ventilarii spatiilor incalzite se
va considera ca posibilitate de utilizare a surselor regenerabile recuperarea de caldura din
aerul interior, viciat, evacuat.

In ceea ce priveste necesarul de cildura pentru acoperirea pierderilor termice prin
transmisie prin anvelopa cladirii, se impune utilizarea unui sistem de incalzire de joasa
temperatura astfel Incat sa poatd oferi o eficientd buna utilizarii ca sursa regenerabild unei
pompe de caldurd aer-apa.

Atat in ceea ce priveste recuperarea de caldurd in cazul cotei de aer proaspat cat si
in cazul utilizarii pompei de caldurad pentru acoperirea pierderilor termice prin transmisie
ramane ca sursele neregenerabile sa fie utilizate atat pe partea de incélzire a aerului cat si
pe partea de alimentare a instalatiei de incdlzire de joasa temperaturd. Se va aborda pe
rand fiecare din cele doua categorii de necesar de caldura mentionate.

Astfel pe partea de aer se poate scrie urmatorul bilant termic in regim stationar [1]:
Lo pa-ca (tro = tig) = Gagy " H - (tio — teo) (1

Consideram ca se cunoaste H si setul temperaturilor nominale, adica: tr, tio, teo.
Din (1) rezulta:

GAEv'H (tio_teo)
Ly = . 2
0 Paca (tro—tio) ( )

Raportand ambii termeni ai relatiei (2) la volumul V al spatiului incélzit rezulta:

L_O — GAEU.H . (tio_teo) (3)
14 V-parca (tro—tio)

Cum H/V = G — coeficientul global de izolare termica al incintei in discutie,
rezulta:

Lo Gagr'G  (tip—teo)

Lo _ . 4

4 Paca (tro—tio) ( )

Dat fiind ca s-a lucrat in sistemul SI de unitati de masurd s-au inmultit ambii
termeni cu 3600 (s/h) pentru a obtine debitul de aer in (m3/h) si avem:

3600-Lg  3600-Gagp'G (tio—teo)

= )

|4 PaCa (tro—tio)

Remarcand faptul ca primul termen din relatia (5) este numarul de schimburi de
aer al spatiului incdlzit in (sch/h), iar (pa-c/3600) = 0,335 (W.h/m?K). Rezultd in
consecinta ca:
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_ GaEvG . (tig—teo)

a

0,335 (tTO_tiO)

(6)

Din relatia (6) rezultd cd termenul al doilea al relatiei trebuie sa conducd la o
valoare de numar de schimburi de aer al incintei respective, na, in acord cu reglementarile
din Mc001 conform categoriei de spatiu incalzit. Astfel intre coeficientul global de izolare
termica, G, si raportul diferentelor nominale de temperaturd sa existe o corelatie astfel
incat sa rezulte n, recomandat de Mc001. De exemplu daca se considera tio = 20 °C, teo = -
15 °C si tyo = 30 °C, atunci relatia (6) devine:

_0.096

3,500
3,000

2,500

N
o
o
o

G (W/m3.K)
g

1,000
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0,000

a

G = f(Gpg,, N,)

0,2 0,4 0,6 0,8
Gradul de Acoperire Energetica ventilare G,g, (-)

Fig. 1

(7)

—e—na =0,5

—o—na=1
na=15
na=2

—e—na=2,5

—e—na=3

Diagrama din fig. 1 este o reprezentare grafica a relatiei (7) din care se observa ca
impunerea unui numdr de schimburi de aer, n,, mai mic si a unui grad de acoperire
energetica pe ventilare, Gagv, mai mare necesita un coeficient global de izolare termica al
cladirii, G, care sa fie cat mai scazut.

Pe de alta parte tindnd seama de faptul ca:
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S/v

Rm

G = + 0.335:n, (8)

Eliminand coeficientul global de izolare termica G al cladirii intre relatiile (7) si
(8), rezultd in final o relatie de legatura intre parametrii constructiv functionali ai cladirii
(S/V, na, Rm) si gradul de acoperire energetica pe ventilare (Gagv):

S/V )‘1 ©)

Gagy = (349 + 1042
Ng'fm

Gradul de acoperire energetica pe partea de ventilare, Gagyv, conform relatiei (9)

este valoarea maxima care poate fi vizatd. Factorul de compactitate S/V, poate fi evaluat

(cu un grad de aproximare care ar trebui verificat) functie de volumul cladirii utilizand

relatia:

4.84

S
v = 033 (10)

In regim curent de exploatare trebuie mentinut debitul de aer proaspat insa puterea
termicd furnizata de debitul de aer proaspat incalzit va fi conform unui reglaj termic de tip
calitativ. Astfel in regim curent de exploatare bilantul termic din relatia (1) se scrie:

Loy pg-cq- (tr - tiO) = GAEV "H - (tiO - te) (11)

Rezulta pentru temperatura aerului refulat in incinta expresia:

tr=(1+M)'ti0_M'te (12)

Lopaca Lo'paca

Insa din relatia (2) se observa ca:

GAEvy'H (tro—tio)
= 13
LopacCa (tio—teo) ( )

Inlocuind relatia (13) in relatia (11) se obtine:

= (tro—teo) | tio — (tro—tio) . t (14)
(tio—teo) (tio—teo)

Utilizarea pentru recuperarea caldurii din aerul interior evacuat a unei roti
recuperatoare ofera posibilitatea incdlzirii aerului exterior proaspat pana la o temperatura
inferioara temperaturii interioare, tio. Ridicarea n continuare a temperaturii acrului proaspat
pana la temperatura de refulare in spatiul interior t; se face prin intermediul unei baterii de
incalzire alimentate cu agent termic fie de la o centrald termica fie de la o pompa de caldura
de tip aer-aer. Eficienta rotii recuperatoare depinde de valorile relative ale suprafetei de
schimb de caldura si de viteza de rotatie a rotii raportate la debitul de aer proaspat.
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In ceea ce priveste grosul necesarului de caldurd care acoperd pierderile prin
transmisie ale spatiului incalzit se utilizeaza un sistem de incalzire cu corpuri statice de
joasa temperatura avand ca sursd o pompa de caldurd de tip aer-apa si ca sursa de rezerva
o centrala termica.

Studiul aspectelor energetice se prezinta pe situatia particulara a unui studiu de caz.

3. Studiu de caz

Se va considera cazul unei cladiri al cdrui spatiu necesitd un numar de schimburi
de aer n, = 1 sch/h si care este caracterizatd de un coeficient global de izolare termica, G,
de circa 0,5 W/m?.K. Conform diagramei din fig. 1 rezultd ca se poate considera o valoare
maximi pentru gradul de acoperire energetici pe ventilare de circa 20%. In ceea ce
priveste cota de necesar de cdldurd aferentd ventilarii ea este de circa 66% si 34% revine
transmisiei prin anvelopd, ceea ce atesta faptul ca anvelopa cladirii are o rezistentd
termicd medie apreciabild (> 3 m2.K/W).

Dat fiind faptul ca refularea aerului proaspat incélzit in spatiul ce pierde caldura
catre mediul exterior se va face in conditii nominale la o temperatura t,o, pe care o putem
considera ca avand valoarea de 30°C, rezulta cd si o parte din necesarul de caldura pentru
acoperirea pierderilor prin transmisie se face pe baza aerului proaspat incdlzit refulat in
spatiile incalzite ale cladirii. Cota acoperita in acest fel este de 10/35 din cota de necesar
de caldura aferenta ventilarii (care este de circa 66% din necesarul total al cladirii),
aceasta reprezentand 18,86% din necesarul de caldurd al cladirii. Practic, instalatiei de
incalzire cu corpuri statice nu 1i mai ramane sa acopere decat 34% -18,86% = 15,14% din
necesarul total de cdldura al cladirii. Se poate spune ca practic 84,86% din necesarul de
caldura al cladirii va fi asigurat prin aerul proaspat incélzit si refulat in cladire si 15,14%
prin instalatia de incélzire de joasa temperatura.

Asupra acestei cote se va considera ca se intervine printr-o pompa termica tip aer-
apa, sistemul de incdlzire cu corpuri statice (sau pardoseald incdlzitoare) fiind de joasa
temperaturd tro/tro = 50/30 °C. Acoperirea varfurilor de necesar de caldurd in perioadele
cu temperaturi exterioare scazute (ex. te =-7.5 + -17,5 °C) se va face prin intermediul unei
centrale termice, care deserveste in paralel si bateria de incdlzire a aerului proaspat
incalzit in roata recuperatoare pand la valoarea temperaturii de refulare. Bateria de
incalzire suplimentard a aerului proaspat incdlzit in recuperator este alimentatd cu agent
termic preparat de citre centrala termicd pe toatd perioada de incilzire, adica si 1n
perioadele caracterizate de temperaturi exterioare cuprinse intre +12,5 + -7,5 °C.
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Considerand ca se utilizeaza o roata recuperatoare care lucreaza cu o eficientd de
85% rezultd ca Incalzirea aerului proaspat exterior in roatd se va face pand o temperatura
teir = 14,75 °C. In continuare de la temperatura tei la temperatura t, incilzirea se face in
bateria de incilzire alimentatd de citre centrala termicd. In consecintd, puterea termici
furnizatd prin aerul proaspat incdlzit pana la temperatura de refulare in spatiul incalzit,
este partial in proportie de 66% preparatd prin recuperare si 34% preparatd prin consum
de combustibil fosil, in centrala termica.

Se va considera un volum al spatiului incalzit al cladirii de 13210 m?, ceea ce
conduce la un factor de transmitanta al cladirii in valoare de 6605 W/K din care putem
spune ca necesarul de caldura aferent partii de 1000 W/K revine a fi deservitd de catre
puterea termica transmisa prin instalatia de incalzire de joasa temperatura (avand ca sursa
pompa de caldura si centrala termica) iar necesarul de caldurd aferent partii de 5605 W/K
revine a fi deservita de aerul proaspdt incalzit (avand ca sursd roata recuperatoare si
centrala termicd). Descrierile privind acoperirile energetice prezentate pana in prezent se
refera la situatia conditiilor nominale.

In continuare, analizele energetice ce vor fi prezentate vor tine cont, pe toati
perioada sezonului rece, de cele doua tipuri de instalatii de furnizare a puterii termice in
spatiul incalzit, fiecare din instalatii avand doud surse de caldurd, recuperare si centrala
termica pe aerul proaspat incdlzit si pompa de caldura si centrala termicd pe instalatia de
incalzire de joasa temperaturd cu corpuri statice (sau pardoseald incélzitoare).

In continuare se prezinti situatia distributiei puterilor termice necesare, recuperate
si consumate pentru bateria de incdlzire si a energiilor aferente pentru perioada de
incalzire din sezonul rece, toate furnizate spatiului incalzit prin intermediul aerului
proaspat incalzit.

Tabel 1

te dte ti0-te | Nr.Zile tr Qvn (kW)| Evn (kWh) teir | Qvr (kW) | Evr (kWh) [Qvc (kW) | Evc (kWh)
-15 (-17.5/-12.5) 35 2 30,000 | 252,225 12106,8 14,75 166,749 8003,94 94,974 | 4558,7333
-10 (-12.5/-7.5) 30 11 28,571 | 216,193 | 57074,9143| 15,5 142,928 | 37732,86 | 81,406 | 21491,171

-5 (-7.5/-2.5) 25 32 27,143 | 180,161 | 138363,429| 16,25 119,106 91473,6 67,838 | 52099,81
0 (-2.5/+2.5) 20 60 25,714 | 144,129 | 207545,143 17 95,285 137210,4 54,271 | 78149,714
5 (+2.5/+7.5) 15 53 24,286 | 108,096 | 137498,657| 17,75 71,464 | 90901,89 | 40,703 | 51774,186
10 (+7.5/+12.5) 10 24 22,857 72,064 |[41509,0286 18,5 47,643 27442,08 27,135 | 15629,943
182 972,868| 594097,971 643,174| 392764,770| 366,327| 223703,557
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Diagrama puterilor aferente aerul ventilat
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50,000

0,000
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Fig. 2

Conform tabelului 1 si fig. 2, dat fiind ca s-a considerat o eficientd a rotii
recuperatoare de 85%, rezultd ca valoarea contributiei recuperarii este sensibil mai mare
decat contributia centralei termice. Trebuie mentionat faptul ca s-a luat in considerare si
un randament de lucru al centralei termice de 90%. De asemenea, trebuie mentionat faptul
ca nu s-a luat In considerare puterea si energia electricd consumatd pentru circulatia
aerului evacuat si a celui proaspat si nici energia mecanicd utilizata la invartirea rotii
recuperatoare.
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Diagrama energiilor aferente aerului ventilat
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Fig. 3

Daca se face un bilant pe intreg anul in ceea ce priveste consumul energetic
furnizat prin debitul de aer ventilat se constata ca din totalul celor 594,097 MWh, 392,765
MWh sunt furnizati prin recuperare si 223,704 MWh sunt furnizati prin consum de
combustibil fosil, adica 66% prin recuperare si 34% prin centrala termica.

In ceea ce priveste puterea si energia furnizati prin intermediul instalatiei de
incalzire centrald de joasa temperaturd cu sursd de baza pompa de caldurd si sursd de
rezerva centrala termica, s-a realizat si publicat o lucrare cu explicatii detaliate in ceea ce
priveste analiza energeticd, exact pentru o cladire caracterizatd de un factor de
transmitanta H = 1000 W/K [2]. In consecinti se vor prelua direct concluziile din [2] prin
tabelul si diagramele corespunzatoare.

Al doilea caz analizat a fost cel al utilizarii unei pompe de céldura tip aer-apa in
care temperatura sursei reci este temperatura aerului exterior, variabila pe parcursul
sezonului rece. In tabelul 2 se prezinti rezultatele obtinute. Primele 2 linii semnifica
acoperirea energetica partial de pompa de caldura si partial de centrala termica care
lucreaza cu un randament de 90%, iar urmatoarele 4 linii semnifica acoperirea energetica
integral de pompa de cdldurd. Pentru evaluarea gradelor de acoperire energetica realizate
de pompa de caldurd in domeniul temperaturilor exterioare reprezentate prin mediile de -
10°C si -15°C, s-a considerat ca motorul compresorului pompei nu poate absorbi din
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reteaua electricd o putere mai mare decdt cea nominald corespunzatoare zonei de
temperaturi exterioare reprezentate de media de -5°C, pentru care dupa cum se vede din
tabelul 2 este in valoare de 5509,85 W. De asemenea temperatura medie a agentului
termic incalzit de catre condensatorul pompei de cdldurd se mentine pe valoarea
corespunzatoare unei temperaturi exterioare de -5°C, adicd 33°C. Puterea livratd la
condensatorul pompei de cdldurd la temperaturi exterioare de -10°C si -15°C de aceasta
datd scade fatd de valoarea corespunzatoare temperaturii exterioare de -5°C datorita
scaderii temperaturii acrului exterior.

Tabel 2
te Ocpo Ocp | COPcp | Pes | Ped+th | Pel+cb Pvp Ecs Eet
O | (O Y] ) W) | W) W) W) (kWh) | (kWh)

-15 38.20 | 33,00 | 3,755 | 35000 | 35000 | 26870,97 | 11573,76 | 1680 | 1433,118
-10 | 35.60 | 33,00 | 4,110 | 30000 | 30000 | 19824,28 | 12915,78 | 7920 | 5815,121
-5 33.00 | 33.00 4.54 | 25000 | 25000 | 5509.85 | 21143.11 | 19200 | 4231.56
30.40 | 30.40 5.35 20000 | 20000 | 3741.22 | 17381.15 | 28800 | 5387.36
5 27.80 | 27.80 6.53 | 15000 | 15000 | 2297.42 | 13391.80 | 19080 | 2922.32
10 25.20 | 25.20 8.43 | 10000 | 10000 | 1186.81 9169.24 | 5760 683.60

82440 | 20473,08
COPsis | 4,027

Péana la temperatura exterioara in zona -5 °C pompa de caldura are capacitatea de a
acoperi necesarul de caldurd al consumatorului, urmand ca la temperaturi mai scizute sa
intervind si centrala termica pentru completarea surplusului de putere termica. Pompa de
caldura lucreaza 1nsa cu un COP aferent temperaturii exterioare de -5 °C iar acoperirea
surplusului de cétre centrala termicd facdndu-se cu un randament de 90%. Se observa ca
se poate vorbi de un coeficient de performantd global anual, SPF, valoarea acestuia fiind
de data aceasta 4,03. Energia utilizata la nivelul cladirii este in majoritate energie electrica
(76,5%) st doar Tn mica masura energie termica (23,5%). O imagine mai clard o putem
obtine grafic din figurile 4 si 5.
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Diagrama Puterilor instalatie incalzire
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Diagrama Energiilor instalatie incalzire
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201




Florin Iordache, Eugen Mandric

Este interesant de prezentat situatia energetica pe ansamblul cladirii atat prin
intermediul aerului incalzit cat si prin instalatia de incélzire de joasa temperatura.

Tabel 3

incalzire aer incalzire apa incalzire aer + apa
Evn (kwWh) |Evr (kWh)|Evc (kWh)JEcd (kWh)[Epc (kWh) | Eth (kWh) |Ecs (kWh)| Erp (kWh) | Eet (kWh)
-15 12106,8 | 8003,94 | 4558,733] 1680 246,882 | 1433,118 | 13786,8 | 8250,822 | 5991,852
-10 57074,9143| 37732,86 | 21491,17 7920 2104,879 | 5815,121 | 64994,91 | 39837,739 | 27306,293
-5 138363,429| 91473,6 | 52099,81| 19200 | 14968,437| 4231,563 | 157563,4 | 106442,04 | 56331,372
207545,143 [ 137210,4 | 78149,71| 28800 |23412,642| 5387,358 | 236345,1 | 160623,04 | 83537,072
5 137498,657]90901,89 | 51774,19] 19080 | 16157,679| 2922,321 | 156578,7 | 107059,57 | 54696,507
10 41509,0286 | 27442,08 | 15629,94| 5760 5076,399 | 683,601 | 47269,03 | 32518,479 | 16313,544
IARNA | 594097,971| 392764,8 | 223703,6| 82440 | 61966,918| 20473,082 | 676538 | 454731,69 | 244176,639

in tabelul 3 se prezintd necesarurile de cildurd, energiile regenerabile livrate si
energiile neregenerabile livrate prin aerul ventilat, prin instalatia de incalzire de joasa
temperaturd si pe ansamblu pentru fiecare perioada din sezonul rece si pentru intreg
sezonul rece. O imagine mai clara se poate observa din transpunerea graficd a datelor din
tabelul 3 in diagramele din figurile 6...11.

Diagrama consumuri energetice - aer
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Fig. 6
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Diagrama din fig. 6 prezintda pe parte de aer ventilat - necesarul de energie al
cladirii, energia regenerabila si energia neregenerabila.

Diagrama consumuri energetice - apa
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Fig. 7

Diagrama din fig. 7 prezintd pe partea ce revine instalatiei de incalzire — necesarul
de energie al cladirii, energia regenerabila si energia neregenerabila.

Diagrama consumuri energetice - aer+apa
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Fig. 8
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Diagrama din fig. 8 prezinta atat pe partea de ventilare cat si pe cea de incalzire —
necesarul de energie al cladirii, energia regenerabila si energia neregenerabila.

Diagrama energii necesare cladire
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Fig. 9

Diagrama din fig. 9 prezintd global, ventilare si incalzire, comparativ situatia
energiilor — necesar total clddire, necesar ventilare si necesar incalzire.

Diagrama energii regenerabile
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Fig. 10
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Diagrama din fig. 10 prezinta situatia energiilor regenerabile — total pe cladire,
ventilare si Incélzire.

Diagrama energii neregenerabile
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Fig. 11

Diagrama din fig. 11 prezinta situatia energiilor neregenerabile — total pe cladire,
ventilare si incalzire. Cumuland energiile la nivelul intregului sezon rece rezulta setul de
diagrame din figurile 12...17 care urmeazd si care permit de asemenea o analizad
comparativa.

Ventilare - AN Incalzire - AN
800000 100000
600000 - 80000 -
§4ooooo § 60000
= X 40000 -
200000 - .: 20000 -
0 - . : 0 -
Evn Evr Evc Ecd Epc Eth
(kwWh)  (kwh)  (kWh) (kwh)  (kWh)  (kwWh)
Fig. 12 Fig. 13
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Diagrama din fig. 12 prezinta situatia anuald a energiilor pe partea de aer, iar
diagrama din fig. 13 prezinta situatia anuala a energiilor pe partea de incalzire.

Ventilare + Incalzire Energii necesare - AN
AN 800000
300000 600000 -
= 600000 S 400000 -
= 400000 - =
= 200000 - I 200000 1
0 T T .:v 0 - : = -
Ecs Erp Eet Evn Ecd Ecs
(kwh)  (kwh)  (kWh) (kwWh)  (kWh)  (kWh)
Fig. 14 Fig. 15

Diagrama din fig. 14 prezintd situatia anuala a energiei totale necesare, energiei
regenerabile si a energiei neregenerabile, iar diagrama din fig. 15 prezintd situatia anuala
a energiilor necesare pe parte de ventilare, de incalzire si totale.

Energii Regenerabile Energii Neregenerabile
AN AN
500000 300000
400000 -
< 200000 - £ 100000 -
100000 -
0 - [ | 0
Evr Epc Erp Evc Eth Eet
(kWh)  (kWh)  (kWh) (kwh)  (kWh)  (kWh)
Fig. 16 Fig. 17

Diagrama din fig. 16 prezintd situatia anuald a energiilor regenerabile pe parte de
ventilare, de incalzire si totale, iar diagrama din fig. 17 prezintd situatia anuald a
energiilor neregenerabile pe parte de ventilare, de incalzire si totale.
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4. Concluzii

Analiza energetica efectuatd in cadrul lucrdrii se referd la o cladire bine izolata
termic, astfel incat puterea termica livratd prin intermediul debitului de aer proaspat
incdlzit are o contributie majoritard Tn acoperirea necesarului de cdldura al cladirii. Este
importanta si contributia de putere termica a instalatiei de incélzire de joasa temperatura
insd contributia acesteia este minoritard. Acest lucru reprezinta un rezultat al primei parti
a lucrarii unde se stabileste o corelatie intre numarul de schimburi de aer al volumului
spatiului incélzit, coeficientul global de izolare termica al cladirii si gradul de acoperire
energetica oferit de sectiunea de ventilare.

Analiza energeticd se referd distinct la sectiunea de ventilare, la sectiunea de
incdlzire centrala si pe ansamblul cladirii. Fiecare din cele doud sectiuni mentionate prin
care se livreaza putere termicd in spatiul cladirii in vederea acoperirii necesarului de
caldura este dotata atat cu sursd clasica cat si cu sursa regenerabila: sectiunea de ventilare
cu roata recuperatoare iar sectiunea de incalzire cu pompa de caldura.

Rezultatele obtinute sunt prezentate tabelar si grafic printr-un set de diagrame
referitoare la puterile termice si la energiile livrate prin fiecare din componentele celor
doua sectiuni si pe ansamblul lor. Diagramele prezintd comparativ situatia lunard si
anuala a puterilor si energiilor pe cele doua sectiuni mentionate.

Lista de Notatii

tio — temperatura interioara normata, °C;

teo — temperatura exterioara de calcul, °C;

te — temperatura exterioara, °C;

tro — temperatura de refulare a aerului proaspat incalzit nominala, °C;
t. — temperatura de refulare a aerului proaspat incalzit, °C;

Lo — debitul de aer proaspat refulat, m%/s;

H — transmitanta cladirii, W/K;

G — coeficientul global de izolare termica al cladirii, W/m? K;
R — rezistenta termicd medie a anvelopei cladirii, m?> K/W;
na. — numarul orar de schimburi de aer, h';

V — volumul spatiului incalzit, m?;

S — suprafata anvelopei cladirii, m?;

pa — densitatea aerului, kg/m?;

ca — caldura specifica masicd a aerului, J/kg.K;

Gakv — grad de acoperire energetica din ventilare, -;

Qwn — puterea termica necesara pe parte de ventilare, kW;
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Q. — puterea termica regenerabila pe parte de vetilare, kW;

Qvc — puterea termica neregenerabild pe parte de ventilare, kW;

P.s — puterea termica necesara totala, kW;

Pyp — puterea termica regenerabild pe parte de incélzire, kW;

Per+cb — puterea neregenerabild, kW;

Bcpo — temperatura nominald a agentului termic din instalatia de incalzire, °C;
Ocp — temperatura curentd a agentului termic din instalatia de incalzire, °C;
COPcp — coeficientul de performanta al pompei de caldura, -;

Ewn — energia lunara, anuala necesara pe parte de ventilare, kWh;

Ecq — energie lunara, anuala necesara pe parte de incdlzire, kWh;

Ecs — energia lunara anuala necesara totala, kWh;

E.: — energia lunara, anuala regenerabila pe parte de ventilare, kWh;

Epc — energia lunard, anuala regenerabila pe parte de incalzire, kWh;

E., — energia lunard, anuald regenerabila totald, kWh;

Evc — energia lunard, anuald neregenerabila pe parte de ventilare, kWh;

Ew — energie lunara, anuald neregenerabild pe parte de incélzire, kWh;

Ec: — energia lunara, anuala neregenerabila totala, kWh;
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Moto:
Informatia nu este cunoastere.

Singura sursa a cunoasterii este experienta.
(Albert Einstein)

Abstract:

The technical actions, in particular, take into consideration sustainability in the way of
approaching and solving issues. Besides underlining its necessity (with the help of
comments and examples), our paper also presents a couple of specific ways of
approaching and solving issues.

Both notions are to be accepted as applicable, giving sustainability the meaning it has
earned.

Key words: sustainable development, sustainability.

Rezumat:

Actiunile tehnice, cu precddere, au in vedere sustenabilitatea in modul de abordare si
rezolvare. Lucrarea, pe langd sustinerea necesitatii (prin comentarii si exemple) vine cu
cdteva moduri de abordare / rezolvare specifice. Se accepta cele doud notiuni ca
“lucrative” ddnd sustenabilitatii intelesul pe care si [-a cdstigat.

Cuvinte cheie : dezvoltare durabila, sustenabilitate.
1. Date preliminare

Conceptul de dezvoltare durabild desemneaza totalitatea formelor si metodelor de
dezvoltare socio-economicd care se axeaza in primul rand pe asigurarea unui echilibru
intre aspectele sociale, economice, ecologice si elementele capitalului natural [1].

Termenul de sustenabilitate este folosit pentru definirea activitatilor, proiectelor
care sunt viabile si se pot dezvolta prin forte proprii, cand exista resurse necesare
pentru functionarea optima [2].

Fiecare om este interesat despre “ziua de maine”, dar orizonturile de interes
difera, acestea sunt influentate de foarte multi si diferiti factori (de la nivelul de
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educatie la dorinta de dominare, trecand prin apartenenta sociald, nationala,
corporatistd/financiara etc). In acest context, la initiativa lui Aurelio Pecei (industrias
italian) si Alexandre King (om de stiintd scotian), a fost fondat Clubul de la Roma care
urma sa raspunda complexelor subiecte privind viitorul Terrei.

Atentia “publicului” a fost atrasa de publicarea, in 1972, a raportului ,,Limitele
cresterii” a lui Denis Meadows (cercetator la Massachusetts Institute of Technology-
angajat al Clubului de la Roma pentru elaborare proiectului de activitati), raport care
preciza ca “daca se mentin tendintele actuale de crestere a populatiei mondiale, ale
industrializarii contaminarii mediului inconjurator, productiei de alimente si epuizarii
resurselor aceasta planetd va atinge limitele cresterii in urmatorii 100 ani. Rezultatul
cel mai probabil ar fi o scadere subita si incontrolabild atit a populatiei cat si a
capacitatii industriale [3].

(De mentionat este faptul ca grupul informal, format din sase persoane, neavand
o existenta corporativd, pe 17 septembrie 1973 au publicat proiectul, "Regionalized
and adoptive Model of the Global World System” care poate fi considerat ’actul de
nastere” al asa numitei “globalizari”, propunand zece regiuni socio-economice care sa
fie conduse, mai apoi de un singur guvern. Romania facea parte din regiunea a 5-a
”Europa de Rasarit”).

Raportul Meadows mentioneaza/introduce termenul de “dezvoltare durabild”,
’precizandu-i si indicatorii”:

- Cresterea populatiei;

- Impactul industrializarii;

- Efectele poluarii;

- Productia alimentara

- Tendintele de epuizare a surselor naturale.

Sub egida Natiunilor unite lucrarile Comisiei mondiale pentru Mediu si
Dezvoltare (infiintatd in 1985) emite “raportul Bruntland” intitulat Viitorul nostru
comun”, pe baza caruia la Conferinta Natiunilor Unite de la Rio de Janeiro (iunie
1992) s-a afirmat ca “dezvoltarea durabila este conceputd in viziunea reconcilierii
dintre economie si mediul inconjurator, pe o noud cale de dezvoltare care sa sustina
progresul uman, nu numai in cateva locuri si pentru ni, ci pentru intreaga planeta si
pentru viitor indelungat” [3].

Urmarind oferta de consultantd a factorilor de decizie in analiza problemelor
nationale au luat fiintd Asociatii Nationale ale Clubului de la Roma, inclusiv in
Romania.

2. Mod de abordare

Dezvoltarea durabila (avand etimologia cuvintelor latinofranceza) si
sustenabilitate (de provenientd anglo-americand), au avut la un moment dat (cca 1965)
si forma sustenable growth” [4] aceste sintagme exprimand, in fond acelasi lucru pe
care in 2001, secretarul general al ONU, 1l caracteriza ca fiind “cea mai mare
provocare pentru noi in acest secol este sa ne facem o idee despre ce pare un concept
abstract si sa il transformdm in realitate pentru toti oamenii din lume”. (Datorita
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“rezonantei” sustenabilitatea a fost preluatd de politicieni, jurnalisti devenind cuvinte-
cheie, concepte integratoare, chiar [4], necesitand precizari privind domeniul (“’speta”)
la care se aplica, riscand sa “dilueze/compromita” adevdrata menire: mentinerea
sanatatii si vietii civilizate pe Terra).

Congresul Mondial ”Chalanges for a Changing Earth 2001” organizat de
International Concil for Science, International Geosphere-Biosphere Programe, the
International Humans Dimensions Programme on Global Environment Change si
World Climate Research Programe au promovat “Stiinta Sustenabilitdtii” (Statement
of Sustenability Science) care urmareste “Intelegerea fundamentala avansatd a
dinamicii sistmelor OM-MEDIU; facilitarea conceperii implementarii si evoluarii
interventiilor practice in domenii si conditii date; Tmbunatétirea legaturilor dintre
comunitatile de inovare si cercetare relevante, pe de o parte si comunitatile relevante
de management si politici, pe de altd parte” [5].

Programele de abordare a dezvoltarii si aplicarii teoriei sustenabilitdtii presupun
[6]: A

A. - Intelegerea stiintei avansate a sistemului om-mediu inconjurator (naturd, iin
ansamblul ei);

B. - Imbunititirea/perfectionarea corelirii cercetare-politici comunitara;

C. - Capacitatea cladirilor de ”acceptare” a actiunilor/masurilor de promovare a
sustenabilitatii.

In acest context “ciclul de viatd” al unei constructii (in cazul de fata cladiri) este
prezentat in Fig.1.

R
<
i

IDDODDDI

l % !

® ©

Tema Termna de Maonitorizare
cadru proiectare
1. Idee/necesitate 4.Proiectare 7. Exploatare si Intretinere

2. Studii fezabilitate 5. Executie 8. Demolare si valorificare finala
3. Concept (principiu de solutie) 6. Punere in funtiune

=

Fig.1 Abordare “ciclul de viata” pentru constructii
Important este sd acceptdm (sa ne impunem)ca momentul T, al abordarii

sustenabile pentru constructii sa nu fie amanat”, el putand fi demarat in oricare faza a
ciclului de viata (adica acum!).
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Dezvoltarea durabild trebuie inteleasd ca o orchestrd completa care prin
organizare si integrare ofera o lucrare completa.

Sustenabilitatea face acelasi lucru, dar isi propune finalul prin evidentierea
fiecarei partide/familii instrumentale/instrument.

Rezultatul final depinde de “dirijor,, care poate evidentia sau compromite o
lucrare — care, in viata este o necesitate existentiala.

(Din pacate mai sunt si dirijori care “valorificd” in folos propriu grupe de
instrumente sau la fel de grav renunta la orchestra).

3. Constatari, comentarii

Atat sintagma “dezvoltare durabila” cat si cea de “evolutie sustenabila” au
aparut din necesitatea ca Terra sd poatd sustine viata (macar la nivelul actual).
Amenintarile la adresa Terrei/vietii sunt generate de;

- epuizarea resurselor naturale (energetice; materii prime; apa;

- degradarea mediului natural (poluarea apei/oceanului planetar; apelor de
suprafatd; soluri erodate, saraturate, desetificare, sigilari etc.; deteriorarea calitatii
aerului;

- schimbarile climatice.

- smogul, cresterea concentratiilor poluantilor s.a.m.d);

- accentuarea decalajelor economice, goana dupad profit, imposibilitatea
(inclusiv cea sociala — vezi fenomenul migratiei, scddere nivel de trai, somaj,
inarmarea;

Dezvoltarea durabild, unica solutie/politica viabila a viitorului, nu poate fi
obtinutd/realizatd fara un sistem educational amplu si eficient. ("Dezvoltarea durabila
nu poate fi opera unor analfabeti”).

Este nevoie de cunostinte =educatie pentru cercetare, rezolvare, mod de lucru,
operare, comportament pentru ca intreaga comunitate (umand/locald, nationald,
globald) sa respecte aceleasi reguli (in ultima instanta de bun simt/civism/culturd).

Abordarea globala (globalistd) a sustenabilitatii nu trebuie inteleasa ’politic” ci
”tehnic”. Acest lucru presupune un mod de abordare al problemelor, care guverneaza
dezvoltarea durabild, unitar ca directie si sens, tinta finala fiind conservarea mediului
inconjurator, evident ca in conditiile admisibilitatilor sociale si ale performantelor
economice (din care “elementul” finante nu lipseste). Trebuie inteles si mai ales
acceptat — cd dezvoltarea durabila poate chiar ”submina” “castigul” — profitul nu este
total, viata da — iaci trebuie sa se manifeste rolul statelor/aliantelor/organizatiilor....

Dinamica cunoasterii a condus la abordarea sustenabilitatii la diferite niveluri
de referintd din perspective ecologice, sociale si economice, care presupun modalitati
specifice de combinare a diferitelor discipline teoretico-aplicative [9].

Astfel au aparut (in abordarea sustenabilitatii):

- pluridisciplinaritatea, prin care disciplinele “apelate” 1isi pastreaza
specificitatea, dezvoltand legaturi ”cumulative” pentru a crea o imagine mai complexa
(s1 adevarata) a realitdtii;

212



Dezvoltare durabila sau sustenabilitate

- interdisciplinaritatea, in care procesul de combinare si integrare al diferitelor
discipline, impreuna cu metodologiile si ipotezele lor de lucru, adaptate necesitatilor,
constituie ”instrumente” specializate de investigare a unor “subiecte” dificile;

- transdisciplinaritatea este specifica investigatiilor care abordeaza probleme
care “traverseaza” granitele a doud sau mai multe discipline, urmarind o abordare
holistica (vizeaza o unitate a cunoasterii dincolo de disciplinele “’izolate™).

Spre exemplificare se mentioneaza:

1. econofizica (termen introdus in 2006 de eugen Stanley [10]

—domeniu de cercetare care in probleme economice aplica teorii si metode din
fizica (de exemplu metodele probabilistice si statistice; modelele haotice; metode
pentru prevenirea cutremurelor; metode cu criticalitate autoorganizationald);

2. geonomia — care studiaza structura si echilibrul ocupdrii spatiilor naturale de
catre om sub triplu aspect; geografic; ecologic; socio-economic.

Progresul cunoasterii si studiile aplicate pot oferi solutii pentru rezolvarea
situatiilor viitoare ale planetei a cdrei evolutie conform specialistilor ONU, arata ca
pana in anul 2050, 70% din populatia lumii va locui in zone urbane a céror
infrastructurd trebuie creatd si/sau adaptatd pentru a sustine o dezvoltare durabila,
dezvoltare care trebuie a fi abordata de la simplu la complex (unitate constructiva -
apartament, birou, hald etc. la zona metropolitand) si verificatd/aplicatd de la complex
la simplu - vezi figura 2.
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Fig.2. Specificatii ale sustenabilitatii

Din suma politicilor de realizare a dezvoltarii durabile se desprind cateva
considerente ca fiind ”motorul” reusitelor:

- asigurarea fondurilor;

- libertatea (locald/nationald) a deciziilor;

- cooperarea (cinstita, urmarind binele tuturor);

213



Adrian Retezan, Ioan Silviu Dobosi, Remus Retezan

- cunoasterea (solutiile sd fie date de specialisti in urma dezbaterilor/
consultarilor si apoi adoptate spre punerea in practica de factorii decidenti);

- solutiile adoptate sa fie durabile(de exemplu: infrastructura stradald pentru
New York, adaptatd in 1807, cu cateva exceptii, este urmata pana astazi).

- Politicienii pot (si trebui) sa fie preocupati de dezvoltarea durabild, un
exemplu pozitiv [11] este primarul din Rio de Janeiro, Eduardo Paes, care isi doreste
un oras inteligent — oras al viitorului — prin:

1. Caracterul ECOLOGIC, obtinut prin spatii deschise si verzi, cu acces liber
pentru oamenti;

2. Facilititi pentru MOBILITATI si INTEGRAREA populatiei periurbane prin
transport ieftin, de mare capacitate (navetd ”avantajoasa”);

3. INTEGRAREA SOCIALA asigurand / imbunatatind infrastructura, spatiile
comune, educatie de calitate, sisteme medicale, adicd oportunitdti egale pentru toti
cetatenii;

4. Folosirea TEHNOLOGIILOR MODERNE ajungand la guvernarea orasului
prin realizarea unui “centru de operatiuni” (fara “hartogarii”, arhive, fard distante, dar
cu activitate 24/7/365).

Un alt exemplu de gindire sustenabild pentru un mare oras/metropold il
constituie Singapore [12] unde au fost aplicate solutii eficiente ca:

1. Asigurarea unui transport ecologic prin dezvoltarea transportului in comun,
asigurarea pistelor si “inchiriatul” bicicletelor, optimizarea accesului pietonal, dar si
limitarea dreptului de detinere, pentru locuitori a masinilor;

2. ”planificarea verde” urmarind reducerea amprentei de carbon, dar si
“Inverzirea” cladirilor (80% din cladiri pana in 2030), plus numarul si diversitatea
parcurilor.

3. Managementul apei cu performante de exceptie prin recuperare si reutilizare,
captarea si valorificarea apelor din precipitatii, desalinizarea apei oceanului.
(Precizare, In urma cu cca.50 de ani apa pentru Singapore era importatd din Malaezia).

Un model de lucru pentru implementarea sustenabilitdtii (cu variante, este
ilustrata in schema data in figura 3.
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Fig.3 Mod de abordare pentru dezvoltarea durabila (dupa [14])

3. Concluzii

Seriozitatea si responsabilitatea de abordare a dezvoltdrii durabile, respectiv
sustenabilitatii, trebuie sa fie deasupra oricarei forme de interes, cu exceptia celui al
asigurdrii vietii civilizate pe Terra.

Notiunea de sustenabilitate este mai “larga”’decat cea de dezvoltare durabild, pe care o
integreaza, putdndu-se “confunda” cu termenul de “viabilitate” — termen pe care-l
include, de asemenea -.
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Abordarea in conditiile de aplicare a sustenabilitétii, analizei functionale a unei cladiri,
ca tine seama de “timp”, adica de situatia acestui obiectiv (cladirea) — exista sau se va
construi.

Complexitatea activitdtilor, interactiunilor, efectelor si consecintelor, interventiilor etc.
umane asupra propriilor interese si a existentei, in final, este bine sa fie luate in seama
analizate si moderate /optimizate in conditiile nedegradarii vietii/ conditiilor de viata
viitoare, aceasta cu atdt mai mult cu cat “inertia” efectelor negative (in special) le
mascheaza in prima instanta.

A gandi si actiona, in toate domeniile de activitate practicd, sustenabil, devine o
obligatie nu numai o cerinta (in nici un caz nu este vorba de o “moda”’sau “capriciu”.
Pentru eficienta demersurilor dezvoltarii durabile, fiecare situatie particulard este
“eficient” a 1 abordata global/pluridisciplinar/interdisciplinar/transdisciplinar, pe
specificuri si dupd un plan (bine gandit) coerent. O situatie data trebuie ganditd cu
implicatiile din aval si efectele din amonte. Nu poate fi omisd responsabilitatea si
implicarea politicului 1n stagiile si realitatile dezvoltarii durabile.
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Abstract:

The determination of the energy performance scale for the total primary energy use of
buildings and for the primary energy use by each building's technical system is achieved
by two methods based on two referential elements: the energy performance regulation
reference and the building stock reference for a specific category of buildings. In the
paper, a comparative analysis is made between the energy limits of the scales by applying
the procedures for apartment blocks in the second climate zone.

Also, elements of calculating the optimum cost levels of minimum energy performance
requirements for buildings and their envelope components are presented. Finally, a
model for the energy performance certificate for buildings is presented.

Key words: energy performance classes, energy performance certificate

Rezumat:

Determinarea scalelor energetice pentru energia primard totalda la cladiri si pentru
energia primard consumatd de fiecare sistem tehnic al cladrii se realizeaza cu doud
metode care au la baza utilizarea a doud referentiale: referinta de reglementare a
performantei energetice si referinta pentru fondul construit de cladiri pentru o categorie
specifica de cladiri. In lucrare se realizeazd o analizi comparativd intre limitele
energetice ale claselor scalelor prin aplicarea procedurilor pentru blocuri de locuinte
din zona a doua climatica. De asemenea, sunt prezentate elemente de calcul al
nivelurilor de cost otim al cerintelor minime de performanta energetica pentru cladiri si
elemente de anvelopd ale acestora. In final se prezintd un model pentru certificatul de
performantd energeticd pentru cladiri.

Cuvinte cheie : clase de performanta energetica, certificat de performanta energetica

1. Introducere

Directiva 2010/31/UE pune in evidenta faptul ca sectorul constructiilor, care
este in continua dezvoltare, este una din principalele surse de emisii de dioxid de
carbon. Reducerea consumului de energie din sectorul constructiilor si utilizarea
energiei din surse regenerabile ar permite UE sa respecte angajamentul de a reduce
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emisile globale de gaze cu efect de sera, pana in anul 2020, cu cel putin 20 % sub
nivelurile din 1990 [1].

Obiectivele de eficientd energeticd ale UE se concretizeaza in Directiva
2012/27/UE , prin faptul ca, in 2020, consumul de energie sa fie maxim de 1474 Mtep
de energie primard sau maxim de 1078 Mtep de energie finala [2].

Romania si-a stabilit obiectivul national de eficienta energetica prin realizarea
unei economii de energie primara de 10 Mtep pana in anul 2020 ceea ce reprezinta o
reducere cu 19% a consumului de energie primara prognozat de 52,99 Mtep [3]. In
Planul National de Actiune in domeniul eficientei energetice din 2014 se prezinta
masurile prevdzute pentru atingerea obiectivului asumat de Roménia si incadrarea in
cerintele Directivei 2012/27/UE.

La nivel national, consumul de energie in cladiri rezidentiale si nerezidentiale
reprezinta 45 % din consumul total de energie [3].

Masurile de crestere a eficientei energetice in cladiri se concretizeaza in
strategia pentru cresterea investitiilor in renovarea fondului de cladiri existent
prezentatd in Planul Naional de Actiune in domeniul eficientei economice din 2014.

Regulamentul delegat UE nr. 244/2012 al Comisiei stabileste cadrul
metodologic pentru calcularea nivelurilor optime, din punctul de vedere al costurilor,
ale cerintelor minime de performanta energetica a cladirilor.

2. Cadrul metodologic pentru determinarea costurilor optime

In conformitate Directiva 2010/31/UE statele membre trebuie si defineasci
cladiri de referinta in sensul metodologiei privind nivelul optim al costurilor. Cladiri
de referintd reprezinta o cladire tipica si medie pentru categoria de cladire respectiva la
nivel national.

Cadrul metodologic precizeaza normele pentru compararea solutiilor de
eficientizare energetica si stabileste modul de aplicare a acestor norme pentru cladirile
de referinta.

In cadrul documentatiei MDRAP “Cercetare referitoare la cadrul metodologic
de calcul al nivelurilor de cost otim al cerintelor minime de performantd energetica
pentru cladiri si elemente de anvelopa ale acestora”, Faza 2, raport final, publicat in
26.03.2014, [6] s-au stabilit cladirile de referintd pentru cladirile reprezentative noi si
existente la nivel national si s-au calculat costurile optime in functie de masurile de
eficienta energetica luate in considerare.

Costurile considerate in calcule reprezinta costuri globale in termeni de valoare
neta actualizatd pentru fiecare cladire de referinta care se refera la:

- costurile investitiei initiale;

- costurile anuale:

- costurile cu energia (costurile anuale pentru energie, inclusiv taxele
nationale);

- costurile operationale (costuri anuale de asigurare, costuri pentru utilitati,
altele decét costurile pentru energie, impozite si alte taxe.)

- costurile de intretinere (costuri anuale pentru inspectie, curdtenie, reparatii,
consumabile);
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- costurile de inlocuire (costul de investitie pentru un element al cladirii in
functie de ciclul de viata estimat in cursul perioadei de calcul).

- costurile de eliminare (costurile de demolare la sfarsitul duratei de viata a unei
cladiri sau a unui element al acesteia, costurile de transport si reciclare)

- costurile emisiilor de gaze cu efect de sera pentru calculul la nivel
macroeconomic.

Calculul nivelurilor optime din punct de vedere al costurilor se realizeaza:

- din perspectiva macroeconomica (se exclud toate taxele aplicabile, precum TVA,
si toate subventiile si stimulentele aplicabile, dar incluzand costurile aferente carbonului:

= 20 EUR pe tonad de CO; echivalent pana in 2025;

= 35 EUR pe tona de CO; echivalent pana in 2030;

= 50 EUR pe tona de CO; echivalent dupa 2030;

- din perspectivda microeconomicd (se tine cont de preturile platite de
consumatorul final, inclusiv taxele, subventiile, dar excluzand costurile suplimentare
de reducere a emisiilor de gaze cu efect de serd).

Trebuie avute in vedere evolutia preturilor energiei si rata de actualizare, iar
calculele trebuie fundamentate prin o analizd de sensibilitate pentru a evalua
soliditatea parametrilor de intrare [4].

Masurilor de eficienta energeticd se aplica elementelor de constructie ale
cladirii, respectiv sistemelor tehnice ale cladirilor de referinta. Pentru a obtine rezultate
fiabile calculele trebuie efectuate utilizand o metoda dinamica. Perioada de calcul este
determinata de ciclul de renovare a unei cladiri si nu este uzual mai mica de 20 de ani.

Pentru identificarea intervalului optim al costurilor al cladirilor de referintd se
realizeazd grafice avand in abscisd energia primard im kWh/(m?-an), iar in ordonata
costul global in EURO/m?. Se evidentiaza curba specificd in functie de rezultatele
obtinute pentru fiecare masurd de eficienta economica considerata si aplicatd cladirii.
Limita inferioard a acestei curbe reprezinta intervalul optim din punctul de vedere al

costurilor (figura 1).
ELIH.I'-"1‘-:4 Q B.

Jntarval optim
din punctul de
vadere al
costurilor”

k'u"l.lh.'n'?.g.
Fig. 1 Intervalul optim din punct de vedere al costurilor
Sursa: [5]
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Diferenta dintre nivelul actual si cel identificat al nivelului optim din punctul de
vedere al costurilor se determind in conformitate cu Comunicarea C115/01/2012, [5],
referitor la orientari privind Regulamentul delegat (UE) nr. 244/2012 al Comisiei:

Diferenta % (nivelul cladirii de referintd) = (nivelul optim din punctul de vedere
al costurilor, exprimat in [kWh/m?-an] — cerintele minime actuale de performanta,
exprimate in [kWh/ m?-an]) /( nivelul optim din punctul de vedere al costurilor, in
[kWh/m?a-]) x 100 %.

In conformitate cu Directiva 2010/31/UE, existi o discrepanti semnificativa
intre rezultatul calculului privind nivelul optim al costurilor si cerintele minime in
vigoare in prezent daca acestea sunt cu 15 % mai mici decat nivelul optim al
costurilor.

Datele necesare pentru caracterizarea cladirilor de referintda pentru cladiri
existente, cazuri in care se impun renovari majore si pentru clidiri noi sunt prezentate
in anexa III, tabelele 1,2 [4]: De asemenea trebuie mentionatd metoda si instrumentele
de calcul utilizate, respectiv datele de intrare privind determinarea performantei
energetice care se referd la:

- geometria cladirii (raportul dintre suprafatd si volum, S/V, orientarea
elementelor de constructie, ponderea suprafetei vitrate din anvelopa cladirii si a
ferestrelor fara expunere solard, suprafata in m? - aria suprafetei utile climatizate);

- conditiile climatice (locatie, zona climatica — care implica utilizarea in calcule
a temperaturilor aerului exterior pentru anul climatic conventional, intensitatea radiatei
solare totale pe elemente orizontale si pe elemente verticale, in functie de orientare);

- descrierea cladirii (materiale de constructie, etanseitate la aer, vechime);

- utilizarea cladirii in functie de destinatie (aporturile interne ale ocupantilor,
puterea specifica a sistemului de iluminat, puterea electrica specifica a echipamentului
electric);

- descrierea tehnologiei de baza a cladirii (sistemele tehnice ale cladirii,
suprafelete, programe de functionare si control al sistemelor tehnice, valorile U ale
elementelor de constructie, valoarea g a transmitantei termice in cazul ferestrelor,
elementele de umbrire, sistemele pasive ale cladirii);

- generarea de energie la fata locului;

- performanta energetici medie in kWh/(m?-an) (consumul de energie primara
la nivel de cladire).

- utilizarea energiei din surse regenerabile de energie.

Metodologia se adreseaza autoritatilor nationale si nu investitorilor. In realitate
vor exista o multitudine de niveluri optime din punctul de vedere al costurilor pentru
diversi investitori, In functie de cladirile individuale, precum si de perspectiva proprie
a investitorului si de asteptdrile acestuia cu privire la ceea ce constituie conditii
acceptabile de investitie [5].

220



Aplicarea procedurilor de determinare a scalelor energetice si prezentarea unui model pentru certificatul de
performanta energetica

3. Procedura de determinare a claselor energetice (EPB rating procedures)
3.1. Procedura de determinare a scalelor energetice

Se utilizeaza doua metode de determinare a scalelor energetice: metod 1 care
utilizeazd doud puncte de referinta, referinta de reglementare a performantei
energetice, Rr, si referinta pentru fondul construit de cladiri, Rs, considerand
urmatoarele:

- referinta corespunzatoare cerintelor minime de performantd energetica, Rr,
delimiteaza clasele B s1 C

- referinta stocului de cladiri existent, Rs, delimiteaza clasele D si E si metoda 2
cu un singur punct de referintd cu o scald neliniard, considerand referinta
corespunzatoare cerintelor minime de performanta energeticd pentru cladiri noi, Rr,
limita intre clasele D si E.

Algoritmii de calcul corespunzatori celor doud metode sunt prezentati in tabelul
1[11].

Categoriile de cladiri cu relevantd deosebitd din punct de vedere al balantei
energetice nationale, sunt urmatoarele:

- cladiri de locuinte de tip condominiu (blocuri de locuinte);

- cladiri de locuit unifamiliale;

- cladiri de birouri/administrative;

- cladiri din sistemul de educatie si invatamant;

- cladiri din sistemul de sanatate.

Tabelul 1
Reguli de determinare a scalei de performanta energetica
Clasa Metoda 1 Metoda 2
energetica Metoda cu doui puncte de referinta Metoda cu un punct de referinti

A+ Clasa suplimentara Clasa suplimentara
A EP <0,5Rr 0 Ref <EP <0,35 Ref
B 0,5'-Rr <EP <Rr 0,35 Ref <EP < 0,50 Ref
C Rr<EP<0,5(Rr+Rs 0,50 Ref <EP <0,71 Ref
D 0,5:(Rr+ Rs) <EP <Rs 0,71 Ref <EP < 1,00 Ref
E Rs <EP <1,25'Rs 1,00 Ref <EP < 1,41 Ref
F 1,25:-Rs <EP < 1,5'Rs 1,41 Ref < EP <2,00 Ref
G 1,5-Rs <EP 2,00 Ref < EP

La nivel national, cladirile de referintd pentru tipurile de cladiri noi, respectiv
pentru tipurile de cladiri existente, la care sunt necesare renovari majore, sunt definite
in lucrarea [5].

221



Catalin Lungu, Silviana Brata

3.2. Determinarea scalelor energetice — exemplu: bloc de locuinte, zona
climatica I1

Prin simuléri dinamice ale functionarii cladirilor de diferite tipuri de catogorii,
se obtin consumurile de energie pentru fiecare sistem tehnic al claririi, avand astfel
datele necesare pentru determinarea scalelor energetice pentru fiecare utilitate a
cladirii, dar si scala energetica pentru consumul total.

In continuare se prezinta sintetic aplicarea procedurii prezentate anterior pentru
determinarea scalei energetice totale si a scalei energetice pentru incalzirea cladrii
pentru blocuri de locuinte. In tabelul 2 sunt redate performanta energetici medie
definita prin energia primara totala pentru cladirea de referinta si aria utild considerata.
Zona climatica considerata este zona a [I-a.

Tabelul 2
Cladire de referinta pentru blocuri de locuinte (Sursa: [6])
Categoria Aria utila Performanta energetica:
cladirii desfasurati, in m? energie primari totali KWh/(m?-an)
Cladire noua 1857.60 132,69

Cladire existenta 271,07

Aplicand procedura prezentata anterior, rezultd scalele pentru performanta
energeticd exprimatd prin consumuri de energie primard totald in kWh/(m?-an)
corespunzatoare celor doud metode, prezentate in tabele 3 si 4:

Tabelul 3
Clase energetice pentru blocuri de locuinte — energie primara totald, in kWh/(m?an)

Metoda cu doud puncte de referinta

Clase energetice

A+ A B C D E F G

<34 34 -67 67- 133 133-202 | 202-27 | 272-340 | 340 - 406 > 406

Metoda cu un punct de referinta

Clase energetice

A+ A B C D E F G
<23 23-47 47- 67 67 - 95 95-133 133-190 | 190 - 265 > 265
Tabelul 4

Clase energetice pentru blocuri de locuinte — energie primara pentru incilzire, in kWh/(m*an)

Metoda cu doud puncte de referinta

Clase energetice

A+ A B C D E F G

<16 16 - 32 32-63 63-114 | 114-162 | 162-202 | 202 - 243 > 243

Metoda cu un punct de referinta

Clase energetice

A+ A B C D E F G

<11 11-22 22-32 32-45 45-63 63 -90 90 -125 > 125
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Analizand rezultate, concluziile indica o aplicabilitate mai favorabild a metodei
1, care cuprinde mai multe tipuri de cladiri in clasele inferioare si are ca tinta cladirile
existente, spre deosebire de metoda 2 care se aplicd mai bine pentru cladiri noi, iar o
pondere insemnata a cladirilor vechi sunt clasificate in clasa G.

Aplicarea scalei energetice pentru cladiri amplasate Tn zone climatice diferite de
zona II, trebuie sa se realizeze prin considerarea unei corectii corespunzatoare zonei
respective.

4. Certificatul de performanta energetica

Se propune un model de certificat de performanta energeticd in care sd fie
inscrise toate datele de identificare ale cladirii si ale auditorului energetic pentru
cladiri, respectiv performanta energetica exprimatd prin consumul de energie primara
totala al cladirii si1 prin consumul de energie din surse regenerabile.

Certificatul de performantd energetica propus contine urmditoarele informatii
privind constructia si sistemele de instalatii aferente acesteia:

1).Titulatura: “Certificat de performanta energetica” si sistemul de certificare
utilizat (reglementarea tehnica aplicabila — Metodologia de calcul al performantei
energetice a cladirilor elaborata in aplicarea legii 372/2005).

2). Numarul de Inregistrare al certificatului de performantd energetica.

3). Date de identificare a auditorului energetic pentru cladiri:

4). Date privind obiectul evaluat energetic:

- Adresa: strada, numar, oras si judet/sector, cod postal;

Pentru fiecare obiect evaluat, sunt definiti anumiti indicatori.

Denumirea si semnificatia acestora sunt prezentati in tabelul 5.

Tabelul 5
Indicatorii obiectului evaluat

Descriere

Cazul supus evaluarii

Tipul obiectului

Categoria cladirii

Categoria spatiului

Tipul aplicatiei

Tipul evaluarii

Tipul combinatiei de sisteme tehnice

5). Categoria cladirii;
Tipurile de categorii ale cladirilor sunt prezentate in tabelul 6.
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Certificat de performanta energetica

in confarmitate cu: Metodologia de calcul al Performantei Energetice a Clédinior, Me001/2078

Cod postal localitate: wooi, Nr. inregistrane la Consuliul Lecal: oo Data fnregistraril zz || aaaa

Date privind identificarea auditorului energetic

CPE nr. Valabil pénd la: Audifor energelic: Koo KRnONOo Gradul: | Specialitatea:
nnnn/zz.l.aaa | dd‘l'aaaa FHCHIOCNIOTN, WX XXX
Date privind obiectul evaluat

Adresa cladirli si Categoria ddiri: e
coordonate: - Categoria de spakiuv: @~ e
Regimul de inditime; ... Tipul de evaluare PEC:
Anul construiril cldirii: ... Aria utila incalzita: P

Tipul ohiectulti evaluat: ......................... Volumul incikit: e TV

e

Programul de calcul utilizat: — ; versiunea: —
PERFORMANTA ENERGETICA |caLcuLaTh| mAsumaTh MNIVEL EMISI CO-

Consum enengetic scazut ! Eficlertd energetica ridicata Mivel de poluare scazut

Ay

%

m B

W c

wam D>

me B
P
-G

Consurn energelic ridicat / Eficienta energelics scazuta Mival de poluare ridicat
Consum anual specific de energie 210 i Indice de emizii echivalent CO: 125
primard totald [kKWh'm*an) [kgcosman] 165
Consum anual sp.egf“: e enargie Panouri solare | Pompe ciidurd | Folovolisice | Biomasa HRARE RENKK
primara din surse regenarabile 8 5 & . & g
[kWh'mZan]

Caonsum anual specific Clasa energetich pentru apartament

de energie [kWhim®an]: As A B C D E F G

r cilz . 'l!I MM, XK

ncalzire

Racire (inclushv
dezurmidificare)

Ventilare mecanics

Apa calda de
consum

lluminat anificial

Semnaiura si stampila auditorului:

Momic CPE: | i 22Tlissas
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Categorii ale cladirilor

Tabelul 6

. Incluse in evaluarea PEC
Descriere
da/nu

Cladire unifamiliala Da
Blocuri de locuinte Da
Case pentru persoane varstnice si cu dizabilitati Da
Cladiri rezidentiale pentru uz colectiv Da
Cladiri mobile Da
Cladiri de vacantd Da
Birouri Da
Cladiri educationale Da
Spitale Da
Hoteluri si restaurante Da
Cladiri pentru sport Da
Cladiri pentru servicii de comert cu amanuntul si Da
cu ridicata

Centre de date Da
Site-uri industriale Nu
Ateliere de lucru Nu
Cladiri nerezidentiale agricole Nu

6). Tipul obiectului evaluat;

Tipuri de obiecte evaluate din punctul de vedere al performantei energetice sunt redate

in tabelul 7.

Tipuri de obiecte evaluate

Tabelul 7

Descriere

Intreaga cladire

Unitate de cladire

Parte a cladirii

Cladire noua (proiect)

= %

Cladire existenta “as built” (fard o perioada lunga de utilizare)

Cladire existenta dupa renovare (fara o perioada lunga de utilizare)

Cladire existentd extinsa (fard o perioada lunga de utilizare)

Cladire existenta in utilizare

Cladire rezidentiala

Cladire nerezidentiala

Cladire publica de mari dimensiuni

Altele
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7). Tipul aplicatiei
Cazurile de elaborare a certificatului energetic al cladirii sunt prezentate in tabelul 8.

Tabelul 8
Tipul aplicatiei

Descriere

Verificarea cerintelelor de performanta energetica

Certificarea performnatei energetice

Obtinerea autorizatiei de constructie

Intabularea cladirii

Audit energetic

Inspectia performantei energetice

8). Tipul evaluarii performantei energetice
In tabelul 9 se prezinta tipurile evaludrii performantei energetice a cladirilor (PEC),
subtitlurile, datele de intrare si tipul corespunzator al aplicatiei.

Tabelul 9
Tipuri de evaluare PEC
Tipul I: Calculata (evaluata)
Subtip Date de intrare Tipul aplicatiei
Utilizare Climat Cladire
Proiect Standard Standard Proiect Autorizatie de
constructie
”As built” Standard Standard Existent Certificat de
performanta energetica,
reglaj
Existent Existent Existent Existent
Adaptat Depinde de scop Optimizare, validare,
reabilitare/modernizare,
audit energetic
Tipul II: Masurata (operational)
Existent® Existent Existent Existent Monitorizare
Climat Existent Corectat Existent Monitorizare sau audit
corectat la valori Energetic
standard
Utilizare Corectat Existent Existent Monitorizare
corectata la valori
standard
Standard Corectat Corectat Existent Certificat de
la valori la valori performanata
standard standard energetica,
reglementare, reglaj

Identificarea tipului de evaluare PEC se realizeaza in conformitate cu tabelul 10.
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Tabelul 10
Tipurile evaluarii PEC

Descriere

pe baza de calcul cu date de proiectare

pe baza de calcul cu date ,,as built”

pe baza de calcul cu date reale

pe baza de calcul cu date adaptate

pe baza de masuratori reale

pe bazid de masuritori, corectate in functie de zona climatica

pe bazad de masuratori, corectate in functie de utilizare

pe baza de masuratori, standard (corectate in functie de zona climatic si utilizare)

Exemple de masuratori:

- masurarea ratei de ventilare pentru infiltratii ale anvelopei;
- masurarea etanseitdtii la aer a canalelor de aer;

- masurarea eficientei cazanului;

- masurarea consumului global de energie etc.
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Rezumat: Lucrarea de fata are la baza analiza evolutiei normelor specifice de consum a
gazelor naturle in ultimii 50 de ani din sectorul casnic ca rezultat al schimbarii modului
de viata, folosirii tehnicii performante de ardere a gazelor naturale etc.

Cuvinte cheie: Evolutie, norme de consum de caldura, energie, gaze naturale.

Abstract: The paper is based on the analysis of the evolution of the specific natural gas
consumption norms in the last 50 years of the domestic sector as a result of changing the
way of life, the use of the natural gas burning technique.

Key words: Evolution, consumption of heat, energy, natural gas.
1. Introducere

O economie moderna depinde extrem de mult de performanta si securitatea
sectorului energetic. Pentru Republica Moldova, tard dependentd aproape in totalitate
de piata externd a purtatorilor de energie, sectorul energetic joaca un rol decisiv in
dezvoltarea durabild a societitii si restructurarea economiei nationale. In acest context
energiilor de retea la general si cel al gazelor naturale 1n particular. Daca sa analizadm
structura (fig.1) si evolutia (tabelul 1) consumului de energie primara pe tara din
perioada 2007+2016 putem constata ca, acest consum se caracterizeaza prioritar prin
perioade de crestere cu un ritm mediu anual de 0,32% pana la 21,19%. Exceptie face
anul 2009 cand consumul gratie crizei economice s-a redus cu circa 6,12%.
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Tabela 1.

Dinamica balantei energetice a consumului intern brut (2007-2016*), mii tone echivalent petrol

Anul Cirbune Gaze Prodl-lse Bio'comusti.bil Energi(i TOTAL

naturale petroliere si deseuri electrica

2007 180 1110 653 - 252 2195
2008 201 1057 689 - 255 2202
2009 165 977 682 - 251 2075
2010 116 962 776 512 267 2633
2011 120 930 812 537 277 2676
2012 116 885 764 574 285 2624
2013 150 834 785 584 290 2643
2014 95 850 803 629 292 2669
2015 102 816 829 650 289 2686
2016 75 837 896 698 290 2796

2016 1

2015

2014

2013

2012

2011

2010

2009

2008

2007

(Sursa: Biroul National de Statistica, http.//statbank.statistica.md)

Structura consumului intern de energie primara in anii 2007-2016, %

B Cirbune

O Gaze naturale

OProdusepetroliere

B Biocomustibil gi degeuri

B Energie electrica

~

Figura 1. Structura consumului intern de energie primara in anii 2007-2016*, in %
*(prelucrat de autori in baza informatiei Balanta Energetica a Republicii Moldova, 2016)
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Putem constata ca din toate formele de energie primara (carbune, gaze naturale,
produse petroliere, biocombustibil si deseuri, energie electricd) care participa
actualmente Tn cea mai mare masurd la satisfacerea necesitatilor de energie in
Republica Moldova, gazelor naturale le revine cea mai mare pondere 33,73+50,57%,
urmata de produsele petroliere (circa 29,12+32,87%). Important de remarcata ca din
2010 in structura consumului de biocombustibili se inregistreazd o pondere de
19,45+24,96%.

Programele energetice promovate la nivel national in mod prioritar prevad, in
scopul asigurarii securitatii energetice a statului, eficientizarea si extinderea sistemului
de aprovizionare cu gaze naturale a Republicii Moldova. In acest context este evident
ca extinderea va conduce la schimbari serioase in structura consumului de gaze, care n
mod obligatoriu trebuie sa fie maxim eficientizat. Eficientizarea consumului de gaze,
prevede utilizarea rationald a gazelor naturale, minimizarea consumurilor tehnologice,
deminuarea pierderilor tehnice si celor comerciale. Solutionarea adecvata a
componentelor respective poate fi realizatd numai prin elaborarea algoritmelor
generale de dirijare a sistemului de aprovizionare cu gaze. Pentru aceasta este necesara
studierea experimentald si statisticd a acestor sisteme, in primul rdnd, a evolutiei
consumului de gaze. Aceasta va permite stabilirea coraportului dintre cerintd si
consum pentru diferite zone geografice, functie de variatiile factorilor climatologici,
sociali, demografici, precum si de modul de viata al populatiei. Studierea statistica a
fondului de date cu privire la evolutia consumul de gaze din diferite sfere de activitate
umana, acumulat de intreprinderile de distributie a gazelor pe parcursul contorizarii in
masd a consumatorilor ar permite de a scoate in evidentd un sir de probleme de o
importantd extrem de valoroasa pentru interesele energetice ale tarii.

Variatia consumului de energie in diverse sfere a activitdfii umane conduce
evident, la importante mutatii i In structura consumului de gaze naturale. Simplele
extrapolari a ritmurilor actuale de modificare a necesitatilor populatiei in bunuri
materiale, produse alimentare, energie electrica si termica si altele, scot in evidenta
problemele complexe si dificile cu care se va confrunta societatea din Republica
Moldova in viitor. In acest context problemele determinarii, monitorizarii si dirijarii
regimului consumului de gaze naturale, precum si estimarea posibilitatilor de acoperire
a neuniformitatii acestuia constituie o problema care frdméantd in permanenta
specialistii din domeniu. Actualmente in Republica Moldova proiectele sistemelor de
distributie si de transport a gazelor, elaborate pentru localitati sau obiecte de consum
din sectorul casnic, comunal - menajer sau industrial se efectueaza cu utilizarea unor
norme specifice de consum exprimate in unitati calorice determinate pe categorii de
folosinta, deduse in baza datelor reale a consumurilor de gaze naturale, masurad ce
asigura functionalitatea fiabila a retelelor respective pe toata durata lor de exploatare.

Traditional, pentru Republica Moldova se aplica normele specifice de consum
de caldura, elaborate pentru zona centrald a Federatiei Ruse cu conditii climaterice,
sociale si demografice diferite.

Conditiile climaterice ale Republicii Moldova difera insa de cele pentru care au
fost elaborate normele utilizate curent, costul purtatorilor de energie importati,
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veniturile modeste ale populatiei, solvabilitatea scazutd a consumatorului impun un

mod de viata specific, care conditioneaza consumul de gaze in tara.

Specificul consumului de gaze naturale poate fi caracterizat de urmatorii factori
de influenta:

e temperatura de calcul a zonei centrale a Federatiei Ruse constituie minus 25°C, iar
a Republicii Moldova - minus 16°C, temperatura celei mai reci perioade
alcatuieste corespunzator minus 14°C si minus 7°C, durata sezonului de incalzire -
respectiv 205 zile si 166 zile, [1];

e 0 buna parte de consumatori din zona rurala utilizeaza gaze naturale doar pentru
prepararea hranei si a apei calde, iar pentru incalzirea locuintelor folosesc lemne,
carbuni sau deseuri din sectorul agricol;

e in ultimii 10 ani functiile maginii de gatit se substituie partial intr-o bucatarie
modernd prin dotarea ei cu o multime de aparate de curent electric asa ca
cuptoarele cu microunde, role electrice etc.;

e din datele publicate de Biroului National de Statisticd a Republicii Moldova se
observa o tendinta de crestere a numarului de persoane, care utilizeaza serviciile
de alimentare publicd, restaurante, cafenele, cantine, etc.

2. Caracteristica normelor de consum de cialdura pentru sectorul casnic

In scopul evaluirii evolutiei normelor de consum de cildurd pentru necesitatile
casnice a fost efectuata retrospectiva bibliografica in acest domeniu pentru ultimii 50
ani, rezultatele careia sunt prezentate in tabelul 2.

Tabelul 2
Valorile normelor anuale ale consumului specific de caldura

Norma consumului de caldura (MJ)

) Indicile' = r,:" 2 *® =

Consumatorii de gaz consumului de =S . % 2 O 8. o) gl

gaZe 2 2 Q: &I O = S| =

N [\ (=) S

1 2 3 4 5 6 7
1. In  cazul prezentei in
apartament a aragazului si
Pentru 1 om

alimentarii centralizate cu apa 2680 2680 2800 4100 2800
calda menajera la alimentarea cu pean

gaz natural:

2. In  cazul prezentei in
apartament a aragazului si a
aparatelor pentru prepararea
locala a apei calde menajere | Pentru 1 om
(incalzitorului cu gaz), in cazul pe an
lipsei alimentarii centralizate cu
apa caldd menajerd la aliment.
cu GN:

- 5317 8000 10000 | 8000
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1 2 3 4 5 6 7

3. In cazul prezentei 1in
apartament a aragazului si lipsei
alimentarii centralizate

Pentru 1 om
cu apa calda si incélzitorului cu pe an 3391 3391 4600 6000 4600
gaz la alimentarea cu gaz
natural:
4. Incilzirea apei in apartamente
pentru  necesititi  sanitaro- | Fentrulom 1926 - - -
igienice. pean
5. Spélarea rufelor in conditii | Pentru 1 tona
casnice de rufe 8792 8792 - -

uscate

Nota: normele de consum pentru categoria de folosinta: ,,spalarea rufelor in conditii casnice” si
pentru ,, incalzirea apei menajere in apartamente pentru necesitdfi sanitaro-igienice” au fost
cumulate mai tarziu cu normele prezentate in SNiP 2.04.08-87%.

Variatia normelor specifice anuale de consum de caldurd in scopuri casnice
pentru categoria de folosintd — pentru pregatirea hranei si diferite moduri de
alimentare cu apd caldd menajera (centralizata, pregatitd pe aragaz, cu ajutorul
incalzitorului instantaneu sau volumetric), stabilite de documentele normative in
constructii [2], [3], [4], [5] si [6] este prezentatd in fig. 2.

Valorile normelor anuale ale consumului specific de cildura

0
]
N o #
0
i}
0
i)
|

B 3. Spalarea mfelorin conditii casnice

H4 incilzirea aps in apartamente pentm
necesitifl sanitaro-igienice.

CPG05.01-2008

O3.0n cazul prezentei in apartament a aragazuhni
si lipsei alimentari centralizate cu apd calda si
incalzitoruhn cu gazla alimentarea cu gaz
natural:

SNiP 2.04.08-87*

B2, In cazul prezenteiin apartament a aragazului
51 a aparatelor pentruprepararealocali a apei
calde menajere (incilzitorihui cu gaz), incazul
lipsei alimentamni centralizate cu apa calda
menajerila alimentarea cu gaznatural:

H1in cazul prezenteiin apartament a aragazuhn
1 alimentam centralizate cu apa calda menajera
la alimentarea cu gaz natwral:

SMIPII-37-76 L

SNIiPII-T.13-66

0 2000 4000 6000 8000 10000 12000
Norma consumului de caldura (MJ)

Figura 2. Graficul variatiei normelor anuale specifice de consum de céldura pe
categorii de folosinta 1n sectorul casnic
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Normele anuale specifice de consum
de caldurd pentru categoria de folosinta,
(v.fig.3): ,,in cazul prezentei in apartament a
aragazului (prepararea hranei) si alimentarii
centralizate cu apa calda menajera” din anul
1987, [4] au inregistrat o crestere cu circa
4,5% 1in raport cu cele din 1966, [2] iar in
2008, [5] — respectiv cu 46,5% 1in raport cu
normele din 1987, [4].

Cresterea valorilor normelor
examinate poate fi justificate doar de
majorarea puterii arzitoarelor masinilor de

Figura 3. Va_ria_!ja_ normelor anuale speciﬁce ggltlt, deoarece incorectitudinea normelor,
de consum de cilduri pentru diferite care au fost folosite in perioada mentionata
categorii de folosinta in sectorul casnic  de 42 ani, nu a fost stabilitd prin picarea
regimurilor de presiune in retelele de distributie in orele cu consum de varf pe timp de
1arna cu temperaturi ale mediului ambiant identice celor de calcul sau sub valoarea lor.
Normele anuale specifice de consum
de caldura pentru categoria de folosinta,
(v.fig.4): ,,in cazul prezentei in apartament a
aragazului  §i a  aparatelor  pentru
prepararea locala a apei calde menajere
(incalzitorului instantaneu cu gaz), in cazul
lipsei alimentarii centralizate cu apa calda
menajera” n anul 1987, [4] a inregistrat o
crestere de circa 50%, iar in 2008, [5] — cu
25% 1in raport cu normele precedente.
Specificul acestui ansamblu de aparate
utilizatoare de gaze este cd, necesarul de
caldura pentru prepararea apei calde 1in
scopuri casnice, inclusiv sanitar-igienice, Figura 4. Variatia normelor anuale specifice
este preluat de incalzitorul instantaneu cu de consum de Cé,ld‘i{i pentru diferite
gaze, [7]. categorii de folosinta in sectorul casnic

Majorarea normelor anuale specifice de consum de caldura in conditiile sporirii
respective a randamentului incdlzitoarelor instantanee pentru pregdtirea apei calde
menajere cu circa 15% si a arzdtoarelor masinilor de gatit in limitele indicate anterior
poate fi justificatd de impunerea de catre consumatori a unor cerinfe majore in vederea
confortului vietii.

Actualmente incalzitoarele instantanee se instaleaza mai rar, deoarece in ordine
prioritard se folosesc centralele termice murale individuale cu doud conture, care
comaseaza functiile de pregatire a apei calde menajere si Incélzire a locuintei, oferind
consumatorului:

v" independenta fatd de intreprinderea municipala, care livreaza agent termic;

CING 05.01-2008;
10000 MJI
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v’ optiunea de a regla temperatura aerului interior;
v' posibilitatea gestionarii cheltuielilor lunare pentru consumul de gaze naturale;
v’ cét si principiul de functionare simplificat si fiabilitatea inaltd a cazanelor murale.

Conform datelor
statistice ~ inregistrate  de
intreprinderile de distributie,
numadrul consumatorilor care
aleg sa instaleze
incalzitoarele de apa calda
pentru prepararea apei calde
menajere este 1n scadere,
datoritd concurentei pe piatd
de centrale termice murale
universale. De rand cu zona
urbana, in localitatile rurale
se observa o tendinta similara
de 1inlocuire a cazanelor
clasice dotate cu arzatoare de

tip ,,APOC” cu centrale
termice individuale murale cu tiraj fortat.

Dupa cum stim, in [5] nu se indica o astfel de norma de consum pentru aceste
tipuri de aparate, insa stabilirea ei ramane actuald, deoarece tendinta de a instala
centrale termice murale 1n apartamentele noi, cat si in cele vechi este in crestere.

Un factor important 1in vederea
dimensionarii  corecte a retelelor de
distributie gaze constituie determinarea
consumului anual specific de caldurd pentru
locurile de
consum dotate cu magini de gitit si centrale
termice murale. Deci, pentru aceasta
categorie noud de consum este necesar de a
stabili la nivel metodologic modalitatea de
calcul a debitului orar de gaze. In aceasti
ordine de idei o etapd semnificativa a
studiului consumului anual specific de
caldurd este consacratd determinarii valorii
respective.

Figura 5. Variatia normelor anuale specifice Normele anuale specifice de consum
de consum de caldura pentru diferite g, (51403 pentru categoria de folosinta,
categorii de folosinti in sectorul casnic i .

: (v.fig.5): ,,in cazul prezentei in apartament a

aragazului §i lipsei alimentarii centralizate cu apa calda si incalzitorului cu gaz” s-a

majorat consecutiv cu 4,6% in 1976, [3], 29% in 1987, [4], si 31% in 2008, [5],

motivul fiind cresterea nivelului de viatd a populatiei.
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In perioada ultimilor 50 de ani, perioada care s-a marcat prin dezvoltarea
masiva a sistemului de alimentare cu gaze, gazificarii localitatilor din republica, se
observd o crestere substantiald a valorilor normelor de consum in medie cu 60%.
Diferenta dintre valorile consumului de caldurd, indicate in SNiP II I".13-66, SNiP II-
37-76, SNiP 2.04.08-87* si CP G05.01-2008 se explica prin aparifia metodelor noi de
calcul, elaborate in institutiile de cercetari stiintifice de la Moscova, Sankt-Petersburg
si Saratov, actualizarea periodica a bazei de date statistice, care corespunde majorarii
nivelului de viatd a populatiei si desigur, aparitia noilor aparate si instalatii utilizatore
de gaze naturale.

Normele de consum de caldurd, care au intrat Tn vigoare in anul 2003 in Rusia,
ca normativ de proiectare CII 42-101-2003,[8] a servit drept bazd a normativului
moldovenesc CP G05.01-2008, care s-a utilizat pina n anul 2014.

Insa, incepind cu 01 noiembrie 2014 a fost pus in aplicatie noul normativ in
constructii: ,,Sisteme de distributie a gazelor’> NCM G.05.01-2014, [9] si Codul
practic in constructii ,, Dispozitii generale de proiectare §i constructie a sistemelor de
distributie a gazelor din tevi de metal si polietilena” CP G.05.01-2014, [6]. Noile
normative prevad o diversitate si o multitudine de modificari efectuate in raport cu
normativele [5] si [6], impuse de conditiile reale de functionare a retelelor de
distributie a gazelor combustibile din Republica Moldova.

Mai jos vor fi elucidate motivele care au conditionat la unele schimbari operate
in documentul normativ [5] si Tnlocuind in [9], si anume a normelor anuale specifice
de consum de caldura pentru sectorul casnic.

Potrivit [7], rezervele de gaze naturale in retelele de distributie constituie circa
4%. Deci, in caz de deconectdri eventuale de la sursa reteaua de gaze poate alimenta
consumatorii o perioadd de timp foarte scurtd. Majorarea normelor de consum de
caldura cu 20 - 50 la suta, fapt care este confirmat prin raportul dintre normele din [4]
si [5], contribuie la supradimensionarea retelelor de distributie, sporirea rezervelor de
gaze 1n conducte, dar si la majorarea respectiva a costurilor de constructie - montaj.
Aceastd masurd insd nu solutioneazd problema alimentdrii fiabile cu gaze a
consumatorilor in lipsa sursei, deoarece legatura dintre sursd si consumator ramane
rigida. Majorarea rezervelor de gaze in retelele de distributie este nesemnificativa si nu
poate inlocui sursa. Mai eficient ar fi inelarea retelelor de presiune inalta pe perimetru
localitatilor si multiplicarea surselor de alimentare cu gaze naturale a retelelor de
distributie. Ineficienta rezervelor de gaze din conductele de distributie pentru
alimentarea consumatorilor pe timp de iarna in termenul de interventie a serviciului de
depanare (40 minute), stabilit in [10], a fost demonstrata in cazul deconectarilor de la
sursa a sistemelor de distributie gaze naturale a or. Leova la 12.01.2011 si a or. Balti la
30.01.2012 [11]. Functionarea sistemului de distributie gaze a or. Balti in perioada
deconectarii de la sursa a devenit necontrolabild, deoarece o parte din consumatori cu
consum maxim sau deconectat prompt Tn urma cdderii presiunii Tn amonte §i/sau in
aval de SRM, care a conditionat inchiderea supapelor de blocare in functie de
particularitatile lor constructive. Alta parte de consumatori a beneficiat de reducerea
consumului de gaze din sistem §i au mai consumat gaze o perioadad oarecare de timp,
dar in continuare s-au deconectat si ei de la retea. In cazul or. Leova consumatorii s-au
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deconectat de la retea in scurt timp, rand pe rand in functie de incarcarea retelelor de
presiune joasd. Personalul distribuitorului, aflandu-se la sursda (SRM de frunte), nu a
reusit sd reactioneze in vederea evitarii deconectarii consumatorilor prin transferul
SRM — ului la conducta de by-pass. Deci, crearea rezervelor de gaze in retele prin
majorarea normelor specifice de consum de caldurd, din punct de vedere tehnologic si
financiar, este o masura ineficienta.
De mentionat, ca normele specifice de consum de caldura sunt functie de:

nivelul de viata a consumatorilor;

performanta aparatelor de utilizare;
regimul de temperaturi ale mediului ambiant si a apei din apeduct;
rezistenta ingradirilor la pierderile de caldura in exterior in perioada rece a anului;

YV V VY

precum si alti factori specifici.
Deci, nivelul normelor specifice de consum caldura pentru oricare zona necesita
a fi stabilitd in baza unor investigatii ample a factorilor climaterici, sociali si tehnici
corespunzatori.
In noul CP G.05.01-2014 sunt modificate normele anuale specifice de consum
caldurd din sectorul casnic care, In opinia specialistilor, in [5] erau exagerat de mari
pentru conditiile Republicii Moldova.

3. Concluzii

Ideile directoare abordate in lucrare, aduc in evidentd importanta si relevanta
solutiondrii problematicilor normarii consumului de gaze pentru sectorul rezidential,
care este cel mai vulnerabil la capitolul consum de energie si resurse energetice.

Solutionarea adecvatd a acestor problematici in contextul schimbarilor
climatice, economice, demografice, sociale si de mediu, precum si a provocarilor
conditionate de crizele (energetice, economice, politice, de mediu etc.) care ameninta
in permanenta societatea va avea cu certitudine un impact benefic social si economic
nu numai pentru sectorul rezidential, dar si a societatii in intregime.
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Abstract:

Exergy is a measure of energy quality. The amount of exergy in energy carriers is very
different. Normally the price includes only the value of quantity and not the quality of
energy. Exergy is the only part of energy available to do work. For different purposes we
need energy with different amounts of exergy: for heating and cooling the energy mixture
between small amount of the exergy and large part anergy is needed. Transition to
sustainable energy system, without GHG emissions, based on RE, open the questions how to
evaluate exergy from solar energy. Solar energy in all form (irradiation, water flows, wind,
and biomass) consists of nearly 100% of exergy. Solar energy is free, conversion systems are
not. To exploit at maximum the solar exergy we need a sustainable energy system using in
great amount the present infrastructure and existing or new developed energy conversion
technologies. There is common agreement that we need four main presently used energy
carriers: electricity, gaseous, liquid and solid fuels. Our vision is the new Sustainable Energy
System (SES) based on the use of solar and planetary energy for production of renewable
electricity as a base for production of hydrogen. Hydrogen is a raw material for carbon
recycling from biomass, making synthetic methane and methanol. The proposed SES is based
on the existing infrastructure and known chemical processes. With regard to availability of
renewable energy resources (RES) it is unrestricted and harmless in comparison to present
fossil fuels use. The proposed SES consists of the three main exergy carriers: solar electricity,
synthetic methane (CH4) and synthetic methanol (CH30H).

Key words: energy, exergy, evaluation, sustainable exergy system

1. Introduction

In the last years European Union (EU) in conformity with Paris Agreement has
adopted many regulations and decisions with regard to energy management [1]
including the EU Council decision on 40% greenhouse gas emission (GHG) reduction
and the share of 27% of renewable energy (RE) in final energy (FE) until 2030. The
common goal of these regulations is to change the present energy system to a
sustainable one. In EU winter package documents is one of the most important
statements: “To reach our goal, we have to move away from an economy driven by
fossil fuels, an economy where energy is based on a centralized, supply-side approach
and which relies on old technologies and outdated business models.”[2]

There are different ways and timing to achieve the proposed goals. One
possibility is to integrate all those activities into Circular Economy [3]. What should
be a “sustainable development” in the case of energy supply, distribution and use?
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How can we measure the sustainability of energy system? Can we have a sustainable
energy system with the circulation of organic carbon, going away from the expression
”a low carbon society” to a carbon recycling economy? We presented one of the
possible solutions including tools for evaluation of their sustainability. Based on
previous research results and proposals [4, 5, 6, 7, 8) we find, that one of the best
criteria for measuring the sustainability of energy system is exergy approach.

Normally we are selling fuels, electricity, heat and cold. The amount of exergy
in these energy carriers is very different. In their prices only the quantity and not the
quality of energy is included.

This means the value or amount of exergy, as the measure of quality, in it is not
always included in the price. But in real life we need energy with a different amount of
exergy: for heating and cooling energy mixture between small amount of the exergy
and large part anergy is needed. For work and lighting the 100% of exergy is needed.

The transition to sustainable energy system, without GHG emissions, based on
RE, opens the questions how to evaluate exergy from solar energy. How important are
the irreversibility’s of our processes in solar energy conversion system? The answer is
only possible if we know what type of processes will be used.

There is common agreement that we need in practice a sustainable energy
system with four main energy carriers: electricity, gaseous, liquid and solid fuels to
exploit at maximum the present infrastructure.

2. Exergy

The word “exergy” was introduced by Zoran Rant [9] and the present common
definition is: “exergy of a system in a certain environment is the amount of mechanical
work that can be maximally extracted from the system in this environment”.

According Rant the energy W is a sum of exergy Ex1 and anergy A (~energy of
environment):

W=Ex+A (1)

Exergy is a measure of quality of energy. Energy is always conserved and can
neither be produced nor consumed. Exergy can be very easily converted in anergy
through irreversibilities in the conversion processes. Therefore the most used
expression in daily life “consumption of energy” should be changed to “consumption
of exergy” as the only thermodynamically correct expression.

Our attention will be given to the exergy of renewable sources of energy as the
core of future energy system. In real energy conversion processes we always have a
loss of exergy. This means that energy can be balanced but the exergy in a closed
system cannot be. Exergy destruction or vanishing of exergy because of
irreversibilities is a natural phenomenon which can be to some extent controlled by
design of our energy conversion equipment.

1 Symbol Ex is used for exergy, to distingwish betwen symbol E many authors used for energy or exergy.
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Exergy efficiency is therefore a quality measure of our processes. The quotient
between output exergy Exout and input exergy Exin is the standard definition of
exergy efficiency ExE:

¢ = Exout /Exin (2)

Using standard data for exergy content in different energy carriers and the
embedded exergy in materials used in practice [10] we can calculate this efficiency.
Besides the exergy efficiency it is important also to analyze the exergy destruction in
processes during the time.

2.1 Exergy, sustainability and resource accounting

Resources cannot be evaluated only according to mass and energy balance,
because they do not disappear. Using the exergy as the measure of resource depletion
we can evaluate the quality of our processes taking into account the conservation of
mass and energy.

Circular economy promoted in the last years is a policy to minimize the
resource destruction, to minimize the thermodynamics irreversibilies with higher
exergy efficiency. To push the circular economy on the top of society development we
need a serious exergy analysis (ExA) of present technologies and economic patterns.
The exergy destruction during a process is proportional to the entropy created due to
irreversibilities associated with the process. Exergy analysis can clearly indicate the
locations of energy degradation in a process that may lead to improved operation or
technology. It can also quantify the heat quality in rejected streams. The main aim of
exergy analysis is to identify the causes of irreversibilities and to calculate the true
magnitudes of exergy losses.

Exergy analysis [8] is a methodology that uses the conservation of energy
principle (embodied in the first law of thermodynamics) together with non-
conservation of entropy principle (embodied in the second law) for the analysis, design
and improvement of energy and other systems.

LCExA (Life Cycle Exergy Analysis) can be used as a method to quantify
depletion of natural resources and to assess the efficiency of natural resource used. It
can be used for energy system with fossil and renewable sources of energy, for
different materials and in broader sense for exergy of societies. In our case LCExA
will be used to analyze sustainability of proposed exergy system, based on organic
carbon circulation in future circular economy.

2.2 Life Cycle Exergy Analysis of Renewable Energy
The use of exergy in life cycle assessments (LCExXA or sometimes EXLCA) has
been suggested by many different researchers since the late 1990s. Based on work of

Davidsson using LCExXA for wind energy system analysis [7], where the renewable
resources are separated from non-renewable, we accept the same methodology.
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Natural resources are classified as natural flows and stocks.

Stocks are then divided into funds (living stocks) and deposits (dead stocks).
Natural flows and funds are renewable while deposits are non-renewable. All in- and
outflows during the life cycle of production, use and disposal or recycling, are then
considered as exergy power over time.

The direct solar exergy input (e.g. solar irradiation, water, wind, waves) of
renewable sources (including geothermal and planetary exergy) can be disregarded
since they represent a natural flow and are therefore renewable. If not used natural
exergy flows will be wasted and lost as anergy — heat of environment. Non-sustainable
use of exergy funds, like clearing of forests in a non-sustainable fashion and the use of
exergy deposits are regarded as non-renewable resources. The simple presentation of
LCEXA is given in [7, 32] and is shown on the Figures 1, 2 and 3.

Ex&'l‘g\_' Sun exergy
In-Flow l Exergy Out-Flow to Society

Wood,
Food,
Minerals,

i !
(({Mttﬁtf\(\(‘(-(-(\(
Biomass,
Water dams, ...

A A AR
BT TN

B 5 EXERGY
e e = STOCKS

Minerals, ...

Figure 1: The exergy flow from the sun and the exergy stocks on the earth create the resource base for
human societies on the earth. [7, 32]

The life cycle analysis of a system usually consists of three separate stages with
different exergy flows that are analogous to the three steps in the life cycle of a
product in:

1- Construction phase,

2 - Operational phase and

3 - Clean up phase.

During the construction phase, exergy is spent and none is created besides
eventual byproducts. Some exergy is used for maintenace and at end of life we need
the exergy for clean up (recycling) of the equipment or plant. The exergy used for
construction combined with the exergy used for maintenance and clean up make up the
total indirect exergy.

A fossil fuels power plant takes the exergy from the fuels used for construction,
during the operational phase and clean up. The exergy of output electricity will always
be lower than the exergy of the fuels used. A power plant using fossil fuels can
therefore never be sustainable since it uses more exergy than it generates. The exergy
flow over the lifetime of a fossil fuel power plant is illustrated in Figure 2 [7, 32].
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Figure 2. Exergy flow diagram for LCExXA of a power plant using fossil fuels [7, 32]

The power plant using the renewable sources of energy for electricity
production, on the other hand, converts the natural exergy flows to a useable form of
exergy - electricity. As an example, a PV panel uses the solar exergy to convert it into
electricity and same is done by the wind generators.

During the operational phase it will hopefully produce more exergy than the
indirect exergy needed during the life cycle (for construction, maintenance and clean

up). The exergy flow over the life cycle of such one power plant is illustrated in Figure
31[7,32].
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Figure 3: Exergy flow diagram for LCEXA of a renewable energy power plant [7, 32].

LCExA method enables us also to analyze the influence of intermittency of RE
taking into account the power factor CP and the capacity factor CF by producing heat
and electricity. In this context we have to include storage systems which influence the
exergy needed in the construction phase.

The exergy conversion and use is usually presented either as exergy payback
time (ExPBT) or exergy return on exergy invested (ExROExI) as indicators for
sustainability [28]. The way the energy is compared can be a bit different between
different assessments. In case of exergy produced from RE the ExPBT should be
defined as:
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cumulative exergy required

ExPBT= ears 3
cumulative exergy generated [Y ] (3)
And for
ExROExI = life time exergy generated _ lifetime [_] (4)

cumulative exergy required ExPBT

Cumulative exergy generated includes exergy generated during the operation
time. Cumulative exergy required includes exergy of construction materials,
maintenance, exergy needed for operation and destruction, minus exergy available
because of recycling of some materials.

The use of ExPBT and EROEXI defined in (3, 4) are fairly good indicators that
an exergy producing process actually produces more exergy than it uses during its life
cycle, without regard to the source of exergy required.

3. Sustainable exergy (energy) system based on RE
3.1 Concept

Solar exergy is characterized by low density, high intermittency over day and
year. The concentration of available solar exergy and storage system are needed for
practical application. Different sustainable energy systems have been proposed using
water, wind and direct solar irradiation including geothermal heat and biomass.

Most of them have no integral solution for exergy storage and transition
technologies from present to a new, environmentally acceptable, energy system [11].

The sustainable exergy system (SES) as proposed in [16] consists of three main
renewable exergy (energy) carriers, needed in industry, transport, services and homes:
renewable electricity, gas (synthetic methane CHi; s-methane), liquid (synthetic
methanol CH30H; s-methanol) and as fourth solid fuels from biomass (important for
developing countries). Renewable electricity is the main driver in the system used for
transformation of two natural flows, water and biomass into two new exergy carriers
used also as chemical storage of solar electricity (Figure 5). The methane and
methanol are chosen, because there are only exergy carriers in nature with one carbon
chemically connected with four hydrogens.

The necessary hydrogen and oxygen will be produced with electrolysis of water
or other processes, equalizing the sun daily and yearly irradiation variations. Carbon
will be taken from biomass where is stored trough photosynthesis from the air. For
solid fuels (in transition period) we propose to use only the wood log.

S-methane and s-methanol represent the chemical storage of solar exergy (like
do the nature in biomass) with exergy efficiency close to the storage of atmospheric
carbon in biomass. In this way, the natural circle of carbon dioxide and water is closed.
The proposed SES has no GHG emissions, because CO, and water are recycled in
natural photosynthesis and vapor cycle process.

We muss stress out that these exergy carriers can be produced and used in well-
developed energy conversion equipments and infrastructure in industry, buildings and
transportation. To these three exergy carriers we can add in transition period also bio
fuels as ethanol (C;HsOH), dimethyl-ether (CH3OCH3), and synthetic diesel made
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from the rests of biomass and organic waste. The last survey show, that methanol can
be used on different ways in different internal combustion (IC) spark ignition (SI)
engines with low emissions and high break thermal efficiency [35]. Methanol is a
transportation fuel and has many significant advantages as compared to hydrogen,
gasoline and can be in new turbocharged methanol engines good replacement for
heavy duty diesel engines. Higher efficiency (nearly 43%) ower the wide range of
motor speeds and loads in comparison to the standard diesel engines made methanol
interesting fuel of the future.

3.2 Characteristics of sustainable (renewable) exergy system —SES

To fulfil the daily exergy needs of different consumers, the new exergy system
has to response to the following six main requirements:

a. Source of exergy must be inexhaustible, available everywhere on the planet;

b. Using exergy carriers with zero emission of GHG;

c. Available at any place and any time (in all present forms of exergy needed:
solid, liquid, gaseous fuels and electricity);

d. Must be compatible with existing infrastructure, with minor adaptations;

e. In transition period the present energy system and SES have to work in
parallel with no interference (coexistence of two systems);

f. Should be competitive with fossil fuels system if all external— none
acknowledged environmental costs will be included in their price.

3.3 How does the proposed SES comply with the six requirements?

1. Primary exergy sources

The first primary exergy source in the system is the solar energy (including
direct irradiation and all secondary forms of solar exergy: biomass, water, wind,
waves), the second is the planetary energy (geothermal heat and tide). Solar irradiation
on the planet is about 174.103 TWy/y. In 2013 TPES (Total Primary Exergy Supply)
on the planet was only 17.98 TWyly.

2. No emission of GHG

The burning products of synthesized s-methane and s-methanol are water and
CO2. Water normally circulates in the atmosphere.

Carbon dioxide is released back into the atmosphere and is used for plants

growth (~200 Gt/y, [12]).

3. These four energy carriers can be used at any time at any place
Renewable electricity, s-methane, s-methanol and wood can be used anytime
and anywhere.
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4. For the proposed system we do not need a new infrastructure

Solar electricity can be transported through existing grid on low and high
voltage AC and DC lines. For storage of surplus of electricity, the hydrogen
production will take place on location where water and biomass will be available.
Liquified s-methane can be used as replacement for LNG for transportation in the
transition period. The distribution of liquid methanol is well developed and normal gas
stations can be (with minor adaptation) used for cars and trucks with adopted or new
methanol engines [35].

Heating systems based on s-gas do not need any adaptations or new
infrastructure. The boiler using heating oil can be used further, modifying only the
burner to use the s-methanol.

5. Coexistence with present energy system

All four energy carriers can coexist with the present energy system.The
transition from the present system to a sustainable one is simple and can be
implemented very smoothly. In towns and buildings it does not require a new local
infrastructure.

6. Should be competitive

All technologies for the conversion are almost well developed (solar cells, wind
generator, hydro PP, electrolysis, methanol syntheses, etc.). Methane and methanol
synthesis are old, known processes. New processes for direct conversion of CO, and
hydrogen to methanol are under development. The costs of renewable energy
conversion are falling. It is well known that world pretax subsidies for fossil fuels are
distorting the energy/exergy market and expand considerably. In year 2011 fossil fuels
subsidies go up to $523 billion/y (up 30%), compared to all subsidies for renewable
energy which amounted only $88 billion/y.

According to IMF report (January 2013), the world fossil fuel pretax subsidies
in 2013 have been $480 billion/y and post-tax subsidies $1.9 trillion/y. Including the
$1.4 trillion/y environmental damages, total direct and indirect costs, not included in
the price of fossil fuels used are $2.78 trillion/y. Including these subsidies in the final
price of fossil fuels, competitiveness of RE will be out of question.
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Figure 5: Sustainable energy — exergy - system without emission of GHG [16]

4. Exergy as measure of sustainability of SES

4.1. Exergy efficiency

Some energy and exergy efficiency data of present electrical devices, calculated

according to the second law of thermodynamic, are given in Table 1 [8, 10].

Table 1
Energy and exergy efficiency for selected electrical devices [8, 10]
Device Energy efficiency % Exergy efficiency %
Generation

Coal fired power plant 40 + 64 38 + 62
Nuclear power plant 30 28
Hydro power plant 90 90

Wind turbine 0.475+0.576 0.475 +0.576
PV system 6+25 6+25
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Device Energy efficiency % Exergy efficiency %
Solar thermal 10 +30 8 +25
Co — trigeneration system

Cogeneration 74 31
Trigeneration 94 28
Resistance space heater ~ 100 6
Hot water heater 90 10
Heat pump —COP 3,8 380 19

Sustainability indicator of the conversion device ExXROExI, based on LCExA
methodology are for RE defined as quotient of life time of conversion device and
expected ExPBT (Eq.4). It can be defined also as quotient of life time exergy produced
and cumulative exergy required for construction, maintenance and destruction in the
life time, based on meteorological data Exergy for operation, if not from renewable
exergy, can be calculated on the same principles. Exergy for equipment destruction or
decommissioning is expected to be from renewable sources at a life time over 30
years. In transition period the exergy for construction will be a mixture of non-
sustainable exergy from fossil fuels and sustainable exergy from renewable energy.

Exergy efficiency of biomass can be calculated as fund, or as exergy of used
biomass. In the first case (fund) we have to include the efficiency of solar exergy
conversion by plant. If we use the biomass as exergy flow, we have to include exergy
for harvesting.

Using biomass for the final product e.g. electricity or sin-fuels we have to
include all conversion efficiencies.

4.2. Sustainability indicator ExXROEXI for proposed SES

Table 2
ExPBT and ExROEXI data for some RE technologies

P [ e e

0.2:0.4 6 (28)* *E,PBT 0,2

WIND 0.2:0.5 18 (offshore) 34+ 18 cf~0,35
(onshore) +0,19

HYDRO 1+15 205 280 Long life time
RESERVOIR
HYDRO RUN  0.5+1 small 170 267 Long life time
OF 1+1.5 large
BIOMASS 0.3+0.5 10 27
WASTE

All this technologies are sustainable, having ExROExI more than 1.

For information: Present conversion efficiency from solar irradiation over
sugarcane to bio-ethanol is under 0,032% compared to PV system efficiency of ~16%
on the same irradiated area (verified on real data from Brazil bio-ethanol production).
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5. Concluzii

In articles we show, that resources cannot be evaluated only according to mass
and energy balance, because they do not disappear. Energy cannot be consumed; it can
be only transformed in different forms. Using the exergy as the measure of resource
depletion we can evaluate the quality of our processes taking into account the
conservation of mass and energy. Exergy is also closely connected with sustainability.
Sustainable development means less exergy destruction or depletion.

Circular economy promoted in the last years is a policy to minimize the
resources destruction, which means minimizing the thermodynamics irreversibiliesties
with higher exergy efficiency. To push the circular economy on the top of society
development we need a serious exergy analysis during the life cycle (LCExA) of
present technologies and economic patterns. The exergy destruction during a process is
proportional to the entropy created due to irreversibilities associated with the process
therefore exergy analysis can clearly indicate the locations of energy degradation in a
process that may lead to improved operation or technology.

Exergy approach to evaluate the sustainability of present energy system using
the ExROEXI as sustainability indicator gives us the possibility to make a distinction
between fossil fuels conversion technologies and technologies for conversion of
renewable sources of energy. To fulfill the requirement of sustainability indicator
ExROEXI should be 1 or more.

The most important fact is that EXROEXI of RE is time independent, even
more, with better technologies it will raise with time. On the other hand ExXROEXI of
fossil fuels are descending with time, because of internalization of external costs and
growing costs of fossil fuels mining from the Earth. In our case LCExA and ExROExI
has been used to analyze sustainable energy system, based on organic carbon
circulation in future circular economy. Natural resources are classified as natural flows
and stocks.

Stocks are then divided into deposits and funds. Deposits are non-renewable
while funds are renewable. Renewable exergy input in our analysis has been
disregarded since it represents a natural flow. If not used, natural exergy flows will be
wasted and lost as anergy — heat of environment.

Based on this background we proposed a sustainable exergy system without any
GHG emissions. The sustainable exergy system (SES) as proposed in [16] consists of
three main renewable exergy carriers, needed in industry, transport, commercial and
homes: renewable electricity, gas (synthetic methane CHi; s-methane), liquid
(synthetic methanol CH30H; s-methanol) and as fourth exergy carrier solid fuels from
biomass, important for developing countries in transition period. Renewable electricity
is the main driver in the system. It is proposed using the surplus of electricity ower the
demand for transformation of two natural flows into two new exergy carriers: water
and biomass. Those are used also as chemical storage of solar electricity, solving the
problem of intermittency of RE.

To fulfill the daily exergy needs of different consumers, the new exergy system
has to fulfill the following six main requirements:

1) source of exergy must be inexhaustible, available everywhere on the planet;
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2) new exergy carriers with zero emission of GHG;

3) must be available at any place and any time;

4) must be compatible with existing infrastructure;

5) in transition period enables coexistence of two systems;

6) should be competitive.

We show that proposed SES fulfills at large all six requirements.

All proposed energy carriers in the new SES have the ExXROExI more than 1.

This means that the proposed sustainable energy system is longterm sustainable
and from the social point of view acceptable for all countries on the planet Earth.
Those not having enough biomass for carbon recycling have more direct solar exergy
and can cover their needs for organic carbon by international trade of solar electricity
to biomass.

We have to stress, that the proposed SES can exist with the present one in
transition time to 100% of RE supply and is able to use most of the present
infrastructure for distribution and conversion of proposed exergy carriers.
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Rezumat

In cadrul lucrarii se realizeaza o analiza energetica pentru un sistem sursa
neconventional compus din sistem de cogenerare cu motoare cu ardere interna cuplat cu
o centrala termica si cu o masina frigorifica cu absorbtie in vederea alimentarii cu
energie termica, energie frigorifica si energie electrica a unui consumator alcatuit dintr-
un numar de 6 cladiri care necesita incalzirea si climatizarea spatiilor, prepararea apei
calde si asigurarea energiei electrice pentru iluminat si functionarea echipamentelor
electrice. Analiza efectuata vizeaza separat sezonul rece al anului cand in joc intra numai
subsistemul de cogenerare si centrala termica si separat sezonul cald cand se adauga si
masina frigorifica cu absorbtie in vederea prepararii apei reci pentru climatizarea
spatiilor. Datele obtinute ca rezultat al analizei energetice sunt prezentate sintetic in
tabele si grafic in diagrame. Pe baza lor se fac comentarii cu caracter calitativ si
cantitativ asupra beneficiilor unui astfel de sistem.

Cuvinte cheie: sursa neconventionala, sistem cogenerare

Abstract

An energy analysis for an unconventional source system consisting of cogeneration
system with internal combustion engines coupled with a thermal boiler and with an
absorbing refrigerator in order to supply a thermal energy, refrigeration energy and
electricity of a consumer consisting of a number of 6 buildings that require space heating
and air conditioning, hot water preparation and electric lighting and electrical
equipment operation.

The analysis is aimed separately at the cold season of the year when only the
cogeneration subsystem and the heat plant come into play and separately the warm
season when the absorption refirigerating machine is added to prepare cold water for air
conditioning. The data obtained as a result of energy analysis are summarized in tables
and graphs in diagrams. On their basis, qualitative and quantitative comments are made
on the benefits of such a system.

Key words: unconventional source, cogeneration system
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1. Introducere

Sistemele neconventionale de alimentare cu energie a consumatorilor, utilizand
surse regenerabile sau recuperari de energie sunt o solutie din ce in ce mai des utilizata
in alimentarea cu energie termica sau electrica a consumatorilor din categoria
cladirilor rezidentiale sau nerezidentiale. In cadrul prezentei lucrari sistemul
neconventional este compus dintr-un sistem de cogenerare cu motoare cu ardere
interna utilizat ca atare in perioada sezonului rece si in combinatie cu o masina
frigorifica cu absorbtie in perioada sezonului cald. Consumatorul considerat este
reprezentat de un grup de cladiri avand ca necesitati pe perioada sezonului rece :
incalzirea spatiilor, prepararea apei calde de consum si energia electrica necesara
iluminarii spatiilor si consumurilor interne proprii categoriei cladirilor, iar pe perioada
sezonului cald al anului : climatizarea spatiilor, prepararea apei calde de consum si la
fel ca si in sezonul rece energia electrica necesara iluminarii spatiilor si consumurilor
interne proprii categoriei cladirilor.

In cadrul lucrarii se realizeaza o analiza energetica pe perioada sezonului rece si
al sezonului cald, sistemul sursa de cogenerare-trigenerare modulandu-si puterea
termica cat mai aproape de fluctuatia necesarurilor energetice ale consumatorului.
Energia electrica excedentara produsa de sistemul neconventional va fi considerata
valorificabila in cadrul analizei energetice.

2. Descrierea sistemului sursa si a consumatorilor. Date climatice.

Sistemul sursa neconventional este compus de motoare cu ardere interna
functionand cu combustibil gaz natural (GN) si care produce energie electrica si
energie termica prin recuperarea la racirea chiulasei motoarelor, prin recuperarea la
racirea uleiului si prin recuperarea la gazele arse evacuate. Se va considera ca
randamentul electric este de 36% iar randamentul termic de 52%, in total rezultand un
randament de 88%, aceasta fiind structura sursei in perioada sezonului rece al anului.
In perioada sezonului cald, la sistemul de cogenerare cu motoare termice se adauga o
masina frigorifica cu absorbtie care utilizeaza energia termica produsa de motoarele cu
ardere interna ca sursa de caldura la fierbatorul masinii frigorifice in vederea
producerii de apa rece la vaporizator. In cadrul acestei lucrari se va considera ca
eficienta masinii frigorifice este de 60% adica energia frigorifica produsa de masina
frigorifica este 60% din energia termica provenita de la sistemul de cogenerare.

Se va considera si o sursa de energie termica clasica de tip centrala termica
avand caracteristic un randament de 90%. O alta ipoteza abordata in cadrul lucrarii
consta in faptul ca randamentele si eficientele mentionate mai inainte pentru motoarele
termice, masina frigorifica cu absorbtie si centralele termice vor fi considerate
constante in ipoteza functionarii acestora la sarcini partiale.

Consumatorul deservit este un grup de 6 cladiri nerezidentiale pentru care
trebuie asigurate utilitatile mentionate. Grupul de cladiri este caracterizat de un factor
complex de cuplaj termic H = 41143 W/K util pentru evaluarea necesarurilor termice
si de frig in perioada sezonului rece si respectiv cald. Pentru prepararea apei calde s-a
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stabilit ca necesara asigurarea unei puteri termice constante pe tot parcursul anului in
valoare de 144 kW, iar pentru asigurarea necesitatilor de energie electrica pentru
iluminat si aparatele electrice interioare s-a stabilit deasemenea o putere constanta de
72 kW.

Atat sursa cat si grupul de consumatori s-a considerat ca se gasesc in municipiul
Bucuresti si pentru care s-au utilizat date climatice de temperaturi exterioare si
intensitati de radiatie solara conform SR 4839 si Mc001. Pentru sezonul rece al anului
a fost necesara stabilirea unei diagrame de temperaturi exterioare asociate cu frecvente
de aparitie a acestora (fig.1).

Numar zile - sezonul rece
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Fig. 1

Temperatura exterioara de -15°C este reprezentativa pentru intervalul -17,5 + -
12,5°C, st in continuare : -10°C pentru -12,5 + -7,5°C, -5°C pentru -7,5 + -2,5°C, 0°C
pentru -2,5 + +2,5°C, +5°C pentru +2,5 + +7,5°C, +10°C pentru +7,5 + +12,5°C. Sunt
acoperite in acest fel 182 de zile asociate sezonului rece. In ceea ce priveste
intensitatile de radiatie solara s-au utilizat asa cum s-a mentionat valorile din Mc001.
Pentru numarul de zile din perioada sezonului cald s-au asociat celor 5 luni de vara un
numar de 183 de zile dupa cum se poate observa in fig 2. Numarul de zile din lunile
mai...septembrie a fost extins in vederea acoperirii sezonului cald caracterizat de cca.
183 zile.

Trebuie sa mentionam faptul ca s-a tinut seama de degajarile interioare de
energie termica si de aporturile exterioare atat pe perioada sezonului rece cat si
sezonului cald, astfel incat necesarul de caldura mediu pe perioade in sezonul rece s-a
facut prin evaluarea produsului : Pinc = H - (tee — te). Temperaturile exterioare de
echilibru au fost calculate conform procedurii prezentate in Mc001, pe baza aporturilor
interne si externe si a factorului complex de cuplaj termic. Aceeasi procedura a fost
aplicata si pe perioada sezonului cald in vederea determinarii puterilor termice
excedentare ce trebuie eliminate.
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3. Scenariu de alimentare. Analiza energetica studiu de caz

Alimentarea cu caldura si frig a consumatorului compus din grupul de cladiri
prezentat in capitolul 2 a lucrarii se face dupa cum s-a prezentat, utilizand atat sistemul
de cogenerare cu motoare cu ardere interna cat si centrala termice si chilerul cu
absorbtie. Prin scenariu de alimentare intelegem proportia de putere termica, asigurata
din partea sistemului de cogenerare si din partea centralei termice. In ceea ce priveste
sistemul de cogenerare s- a considerat ca sunt utilizate cel mult 2 motoare cu ardere
interna cu puterea nominala de 1000 kW la nivel de combustibil utilizat (GN), si in
cazul in care ele lucreaza la sarcini partiale acestea pot fi de 75% sau 50% din puterea
nominala. In ceea ce priveste centrala termica s-a considerat ca ea poate lucra si la
sarcini partiale mai scazute decat 50%. Necesarul de energie frigorifica a fost
transformat (amplificat) in energie termica la nivelul sistemului de cogenerare prin
raportare la eficienta considerata a masinii frigorifice cu absorbtie (60%).

In tabelul 1 se prezinta situatia puterilor termice si electrice si a energiilor
termice si electrice aferente consumatorului pe perioada sezonului rece al anului.

Tabelul 1
CONS - IARNA INCALZIRE ACC EN. ELECTRICA
oC zile kw MWh kW MWh kW MWh
te Nz Pinc Einc Pacc Eacc Pelc Eelc
-15 2 1232 59 144 7 72 3
-10 11 1018 269 144 38 72 19
-5 32 803 617 144 111 72 55
0 60 588 847 144 207 72 104
5 53 374 475 144 183 72 92
10 24 159 92 144 83 72 41
Total 182 2359 629 314

In tabelul 2 se prezinta situatia puterilor termice si electrice livrate de motoarele
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cu ardere interna si de centrala termica in sezonul rece al anului. Se prezinta numarul
de motoare si nivelul de sarcina partiala implicata si numarul de centrale termice si
nivelul sarcinii partiale. Atat in cazul motoarelor cu ardere interna cat si in cazul
centralei termice, se prezinta in tabelul 2 si puterile termice pierdute.

Tabelul 2
IARNA MAI CT

oC (-) % kWth kWel kw (-) % kWth kWel kw

te Nr. MAI | Sarcina | PthMAI | PelMAI | pdMAI Nr.CT | Sarcina PthCT PelCT pdCT
-15 2 100 1040 720 240 1 100 338 0 38
-10 2 100 1040 720 240 1 36 122 0 14

-5 1+1 75+ 50 650 450 150 1 88 297 0 33

0 1 100 520 360 120 1 63 212 0 24

5 1 75 390 270 90 1 38 128 0 14

10 1 50 260 180 60 1 13 43 0 5

In tabelul 3 se prezinta situatia energiilor termice, electrice si pierdute in
situatia grupului de motoare cu ardere interna si in situatia centralei termice, pe
perioada sezonului rece.

Tabelul 3
IARNA MAI cT MAI +CT
oC MWh MWh MWh MWh MWh MWh MWh MWh MWh
te EthMAI | EelMAI | EpdMAI EthCT EelCT EpdCT Eth Eel Epd
-15 50 35 12 16 0 2 66 35 13
-10 275 190 63 32 0 4 307 190 67
-5 499 346 115 228 0 25 727 346 141
0 749 518 173 306 0 34 1054 518 207
5 496 343 114 163 0 18 659 343 133
10 150 104 35 25 0 3 175 104 37
Total 2218 1536 512 770 0 85 2988 1536 597

O imagine comparativa mai buna asupra bilanturilor de puteri si de energie
rezulta din transpunerea grafica a datelor din tabelele 1...3 prezentate.
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In fig. 3 se prezinta situatia puterilor termice la consummator si la surse.functie
de cele 6 perioade caracteristice ale sezonului rece. Se observa diferentele dintre
puterile termice necesare pentru incalzirea spatiilor si pentru preparatea apei calde de
consum si cotele de acoperire a acestora de catre grupul de motoare termice si de catre
centrala termica. Utilizarea centralei termice s-a facut in toate din cele 6 perioade in
idea realizarii unei modulari cat mai bune a puterii termice furnizate de surse cu
puterea termica necesara a consumatorului.
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In fig. 4 se prezinta grafic situatia puterilor electrice la nivelul consumatorului
si la nivelul sistemului de surse pe cele 6 perioade caracteristice ale sezonului rece. Se
observa surplusul de putere electrica datorat sistemului de cogenerare, surplus care va
fi transmis in sistemul electric national.
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In fig. 5 se prezinta situatia comparativa a cantitatilor de energie termica la
nivel de consumator si de sistem de surse. Se observa ca : perioada de mijloc a
sezonului rece este caracterizata de cel mai mare consum de energie termica, incalzirea
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spatiilor este net mai consumatoare decat prepararea apei calde de consum si energia
termica livrata de sistemul de cogenerare este deasemenea net mai furnizoare decat
centrala termica.
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In fig. 6 se prezinta situatia comparativa a cantitatilor de energie electrica la
nivel de consumator si de sistem de surse. Se observa : o cantitate de energie electrica
sensibil mai mare in perioada de mijlloc a sezonului rece al anului si faptul ca energia
electrica furnizata de grupul motoarelor cu ardere interna este net superioara
necesarului propriu al consumatorului pentru care s-a dimensionat termic sursa de
cogenerare.
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In fig. 7 se prezinta situatia in sezonul rece a energiilor termice, electrice si
pierdute. Se observa ca : nivelul cel mai ridicat apartine energiei termice, iar in ceea ce
priveste energia electrica aceasta este sensibil mai ridicata la surse decat este strict
necesarul propriu la consumator. Surplusul de energie electrica trebuie valorificat prin
livrarea in sistemul national. Daca definim un randament global pentru intreg sezonul
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rece al anului ca fiind raportul intre energia utila totala pe intreg sezonul rece raportata
la energia totala consumata de sursa combinata (cogenerare + centrala termica) se
obtine o valoare de 88%. S-a luat in considerare ca energie utila si surplusul de energie
electrica livrat in sistemul national. Valoarea subunitara a randamentului se datoreaza
strict energiilor pierdute de catre sistemul de cogenerare si de catre centrala termica.

Trecand acum la perioada sezonului cald al anului in tabelul 4 se prezinta
situatia puterilor termice si electrice si a energiilor termice si electrice aferente
consumatorului.

Tabel 4

CONS - VARA CLIMATIZARE ACC EN. ELECTRICA

zile kw MWh kW MWh kW MWh

luna Nz Pclim Eclim Pacc Eacc Pelc Eelc
mai 35 5 4 144 121 72 60
iun 36 155 134 144 124 72 62
iul 41 223 220 144 142 72 71
aug 36 202 175 144 124 72 62
sep 35 18 15 144 121 72 60
Total 183 547 632 316

In tabelul 5 se prezinta situatia puterilor termice si electrice livrate de motoarele
cu ardere interna si de centrala termica in sezonul cald al anului. Se prezinta numarul
de motoare si nivelul de sarcina partiala implicat si numarul de centrale termice si
nivelul sarcinii partiale. Atat in cazul motoarelor cu ardere interna cat si in cazul
centralei termice, se prezinta in tabelul 5 si puterile termice pierdute.

Tabel 5
VARA MAI CT
(-) % kWth kwel kw (-) % kWth kwel kw
luna Nr. MAI | Sarcina | PthMAI | PelMAI | pdMAI Nr.CT | Sarcina | PthCT PelCT pdCT
mai 0 0 0 0 0 1 45 152 0 17
iun 1 50 260 180 60 1 42 142 0 16
iul 1 100 520 360 120 0 0 0 0 0
aug 1 50 260 180 60 1 66 221 0 25
sep 0 0 0 0 0 1 51 174 0 19

In tabelul 6 se prezinta situatia energiilor termice, electrice si pierdute in
situatia grupului de motoare cu ardere interna si in situatia centralei termice pe
perioada sezonului cald.
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Tabel 6
VARA MAI CT MAI +CT
MWh MWh MWh MWh MWh MWh MWh MWh MWh

luna EthMAI | EelMAI | EpdMAI EthCT EelCT EpdCT Eth Eel Epd
mai 0 0 0 128 0 14 128 0 14

iun 225 156 52 123 0 14 347 156 65

iul 512 354 118 0 0 0 512 354 118

aug 225 156 52 191 0 21 416 156 73

sep 0 0 0 146 0 16 146 0 16
Total 961 665 222 588 0 65 1549 665 287

La fel, o imagine comparativa mai buna asupra bilanturilor de puteri si de

energie rezulta din transpunerea grafica a datelor din tabelele 4...6 prezentate.
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In fig. 8 se prezinta situatia puterilor termice la consummator si la surse, functie
de cele 5 perioade caracteristice ale sezonului cald. Aici se observa in principal faptul
ca lunile iunie, iulie si august, cand functioneaza cogenerarea, puterea termica livrata
de surse este vizibil mai mare decat puterea termica necesara consumatorului. Aceasta
se datoreaza faptului ca puterea frigorifica necesara pentru climatizare este acoperita
de o putere termica de 1,67 (1/0,6) ori mai mare, livrata de cogenerare la fierbatorul
masinii frigorifice. In lunile mai si septembrie nu este necesara functionarea
cogeneraril.
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In fig. 9 se prezinta grafic situatia puterilor electrice la nivelul consumatorului
st la nivelul sistemului de surse pe cele 5 perioade caracteristice ale sezonului cald. Se
observa surplusul de putere electrica datorat sistemului de cogenerare, surplus care va
fi transmis in sistemul electric national.
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In fig. 10 se prezinta situatia comparativa a cantitatilor de energie termica la
nivel de consumator si de sistem de surse. Se observa ca: perioada de mijloc a
sezonului cald este caracterizata de cel mai mare consum de energie termica, si asa
cum deja s-a prezentat, energia pentru climatizarea spatiilor si prepararea apei calde
este vizibil mai scazuta ca necesar termic decat energia termica livrata de la grupul de
cogenerare si centrala termica.
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In fig. 11 se prezinta situatia comparativa a cantitatilor de energie electrica la
nivel de consumator si de sistem de surse. Se observa : o cantitate de energie electrica
sensibil mai mare in perioada de mijlloc a sezonului cald al anului si faptul ca energia
electrica furnizata de grupul motoarelor cu ardere interna este net superioara
necesarului propriu al consumatorului pentru care s-a dimensionat termic sursa de
cogenerare.
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In fig. 12 se prezinta situatia in sezonul cald a energiilor termice, electrice si
pierdute. Se observa ca : nivelul cel mai ridicat apartine energiei termice, iar in ceea ce
priveste energia electrica aceasta este sensibil mai ridicata la surse decat este strict
necesarul propriu la consumator. Surplusul de energie electrica trebuie valorificat prin
livrarea in sistemul national. De asemenea se remarca faptul ca la energia termica
energia aferenta surselor este mai mare decat energia la consumator. Aceasta se
datoreaza faptului ca evaluarea la consumator s-a facut pe baza necesarului de frig iar
la surse evaluarea s-a facut pe baza energiei livrate la fierbatorul masinii frigorifice,
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intre acestea doua existand un factor de transformare de 1,67. Daca definim un
randament global pentru intreg sezonul cald al anului ca fiind raportul intre energia
utila totala pe intreg sezonul cald raportata la energia totala consumata de sursa
combinata (cogenerare + centrala termica) se obtine o valoare de 74%. S-a luat in
considerare ca energie utila si surplusul de energie electrica livrat in sistemul national.
Valoarea subunitara a randamentului se datoreaza strict energiilor pierdute de catre
sistemul de cogenerare si de catre centrala termica.

Un bilant la nivelul intregului an compus din cele doua sezoane, rece si cald
conduce la situatia prezentata in diagrama din fig. 13, de unde rezulta si un randament
global de 84%.
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4. Concluzii

In cadrul lucrarii s-a realizat o analiza energetica pentru un sistem sursa
neconventional compus din sistem de cogenerare cu motoare cu ardere interna cuplat
cu o centrala termica si cu o masina frigorifica cu absorbtie in vederea alimentarii cu
energie termica, energie frigorifica si energie electrica a unui consumator alcatuit
dintr-un numar de 6 cladiri care necesita incalzirea si climatizarea spatiilor, prepararea
apei calde si asigurarea energiei electrice pentru iluminat si functionarea
echipamentelor electrice. Analiza efectuata a vizat separat sezonul rece al anului, cand
in joc intra numai subsistemul de cogenerare si centrala termica si separat sezonul cald
cand se adauga si masina frigorifica cu absorbtie. S-a stabilit pe baza bilanturilor
termice si electrice pe tot parcursul sezonului rece si sezonului cald ca in sezonul rece
randamentul sistemului sursa neconventional este de 88% iar in sezonul cald
randamentul sistemului sursa neconventional este de 74%, ceea ce conduce la un
randament anual de 84%. Toata analiza intreprinsa a fost facuta pe un studiu de caz
care a adoptat un scenariu de alimentare cu caldura si frig pentru incalzirea,
climatizarea si prepararea apei calde de consum. Scenariul adoptat a urmarit o
modulare cat mai fina a puterilor termice furnizate de sistemul sursa dupa puterile
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termice necesare la nivelul consumatorului. Se observa ca sistemul sursa
neconventional furnizeaza o cantitate de energie electrica net superioara
consumatorului propriuzis, surplus care trebuie livrat in sistemul national. Practic
dimensionarea sistemului sursa de cogenerare se face pe parte termica energia electrica
produsa rezultand in consecinta. O alta concluzie care se desprinde este aceea ca
energia implicata in sezonul cald este sensibil mai scazuta decat in sezonul rece.

Lista de notatii si abrevieri

H - factorul de cuplaj complex aferent consumatorului, W/K;

te - temperatura exterioara. °C;

tee - temperatura exterioara de echilibru, °C; Nz — numar de zile, zi;

Pinc - puterea termica necesara la incalzirea consumatorului, kW;

P.im - puterea termica necesara la climatizarea consumatorului, kW;

P.cc - puterea termica necesara la prepararea apei calde a consumatorului, kW;
P.ic - puterea electrica necesara la consumator, kW;

Einc - energia termica necesara la incalzirea consumatorului, MWh;

E.iim - energia termica necesara la climatizarea consumatorului, MWh;
E.cc - energia termica necesara la prepararea apei calde a consumatorului, MWh;
E.c - energia electrica necesara la consumator, MWh;

P.is - puterea electrica livrata de sistemul sursa, kW;

Pumar - puterea termica livrata de motoarele cu ardere interna, kW;
P.mar - puterea electrica livrata de motoarele cu ardere interna, kW;
Pwcr - puterea termica livrata de centrala termica, kW,

Peicr - puterea electrica livrata de centrala termica, kW;

pdmar - puterea pierduta la motoarele cu ardere interne, kW;

pdcr - puterea pierduta la centrala termica, kW;

Ewmmar - energia termica livrata de motoarele cu ardere interna, MWh;
Eemal - energia electrica livrata de motoarele cu ardere intena, MWh;
Epamar - energia pierduta de motoarele cu ardere interna, MWh;

Ewmcr - energia termica livrata de centrala termica, MWh;

Eeicr - energia electrica livrata de centrala termica, MWh;

Epdct - energia pierduta de centrala termica, MWh;

Euw - energia termica totala livrata de sistemul sursa, MWh;

E. - energia electrica totala livrata de sistemul sursa, MWh;

Epq - energia totala pierduta de sistemul sursa, MWh;

Econs s - €nergia necesara la consumator in sezonul rece al anului, MWh;
Econs sc - €nergia necesara la consumator in sezonul cald al anului, MWh;
Econs an - €nergia necesara anuala la consummator, MWh;

Esurs s - €nergia livrata de sistemul sursa in sezonul rece al anului, MWh;
Equrs sc - energia livrata de sistemul sursa in sezonul cald al anului, MWh;
Esqurs an - €nergia livrata anual de sistemul sursa, MWh;
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MALI - motoare cu ardere interna;
CT - centrala termica;
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Abstract:

Trying to find a way to make a turn from the current one-way irreversibility to
sustainability, in addition to the uninterrupted R&D aimed to advance RES (Renewable
Energy Sources) technologies it is necessary to find innovative ways of universal schemes,
quantities, indicators and criteria relevant for the sustainable Earth resources utilization,
environment protection and/or already damaged environment recovery. Interruptible
availability and variable quality of most types of the RES requests energy storage. Large-
scale RES utilization needs large-scale storage systems and large storage volumes.
Worldwide, many abandoned mines (of coal or minerals) offer large storage volumes
almost ready-made to be used directly for energy storage. Related technologies and a few
case studies are reviewed.

Key words: renewable energy sources, sustanaible Earth

1. Introduction

As, fossil energy resources are closer to their exhaustion, global warming in raise,
and more catastrophic weather extremes are occurring worldwide, there are more and
more warnings that the risks to the Earth humanity survival are also in growth and the
Earth/humanity as a whole is becoming more complex system than ever /1/. Trying to
find a way to make a turn from the current oneway irreversibility to sustainability, in
addition to the uninterrupted R&D aimed to advance RES (Renewable Energy Sources)
technologies it is necessary to find innovative ways of universal schemes, quantities,
indicators and criteria relevant for the sustainable Earth resources utilization,
environment protection and/or already damaged environment recovery to reach
humanity’s resilience and sustainability.

Renewable energy sources (RES), particularly solar and wind, have significant
potential for replacing fossil fuels and reduction of CO2 and other GHG emissions in
all economies and societies areas of electrical and thermal energy demands in Serbia
and Romania as well as in other countries worldwide. However, as both solar and wind
energy availability and power intensity are strongly variable and intermittent, broader
spreading larger amounts of their integration and dispatchable utilization in
corresponding countries energy systems is still pretty far away from the earlier
predictions and expectations. Consequently, there is crucial need to find reliable ways
to increase reliability of these systems. In NREL (Oak Ridge) study /2/ did explore
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impact of energy storage on the large scale implementation of solar and wind energy in
the electricity grid. Renewable energy sources, such as wind and solar, have vast
potential to reduce dependence on fossil fuels and greenhouse gas emissions in the
electric sector. Because their intermittency and variability there is increased challenge
for the deployment of energy storage as an essential component of energy systems that
should use at large scale these RR (Renewable Resources). An approach is to be found
that can confirm maintenance of the required system reliability, including necessary
technologies and changes in operational routines, as well as the cost-competitiveness
benefits of the selected technology/ies. Report /2/ presents results of conducted
evaluation of the potential role of several forms of enabling technologies for energy
management, including energy storage in the electricity grid addressing especially
effects of large-scale deployment of wind and solar energy. Beside high-energy
batteries, study did encompass Pumped Hydro Storage (PHS), Compressed Air Energy
Storage (CAES) and Thermal Energy Storage.

2. Pumped Hydro, Compressed Air and Thermal Energy Storage

PHS Pumped hydro storage is the only energy storage technology deployed on a
GW scale worldwide /2/. PHS is using conventional pumps and turbines and needs
significant amount of land and water for necessary two reservoirs (the upper and lower).

PHS systems can achieve overall efficiencies abode 75%.

Environmental regulations may limit large-scale above- ground PHS systems.
However, study /4/ includes also great alternative environmentally even friendly lower-
impact configurations: natural or mined underground formations for the lower reservoir.

Underground pumped-storage hydro power plants with mine water in abandoned
coal mines is topic addressed in /21/. The Asturian Central Coal Basin in northern Spain
has been an exploited coal mining area for many decades and its network of tunnels
extends among more than 30 mines according to /21/. Its infrastructure parts will soon
become available for alternative uses since most of the underground coal mining
facilities in Spain will fade out in 2018 (EU 2010/787/UE). The network of tunnels in
closed-down mines has been suggested as a possible lower storage for the development
of an underground pumped-storage project whose infrastructure can hold approximately
200,000 m? at depths that range between 300-600 m.

CAES technology is based on conventional gas turbine technology and uses the
expansion potential energy of compressed air. Energy is stored by compressing air in an
airtight space -underground storage cavern. As described in /2/ for extraction of the
stored energy, compressed air is to be drawn from the storage vessel, heated, then
expanded via high-pressure turbine that captures some of the compressed air energy and
then mixed with fuel and combusted, with the exhaust expanded through a lowpressure
gas turbine connected to an electrical generator. Main disadvantages of CAES are its
reliance on fossil fuels and the need for an underground cavern (could be overcome if
there is available closed mine. Some alternative configurations for CAES have been
proposed: use of certain above-ground vessels, new turbine designs to reduce fossil fuel
use, or heat recovery - use of the of compression heat and exclude need for fuel use.
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Thermal energy storage (TES) stocks thermal energy by heating or cooling a
storage medium and when necessary the stored energy can be used for heating and
cooling applications and power generation (comprehensive review is given in /3/). TES
is TES systems particularly those linked to heat pumps and their use of the Underground
Thermal Energy (UTE) are used on large scale in buildings, neighborhoods, in industrial
processes and district heating and cooling of cities. Technical schemes and principles of
TES methods, design and construction as well as calculation of relevant TES capacities
and dynamics are well known for both Sensible and Latent (associated with PCM
(Phase-Change Materials) heat storage technologies and systems. These systems are in
use in solar thermal and PV powered heat pump heating/cooling of buildings and
sanitary water heating, diverse types of other heat-pump systems, concentrating solar
power plants as well as thermo-chemical storage.

This short review of PHS, CAES and TES energy storage systems technologies,
and by specific configurations outlined special needs, can help us to illuminate and
recognize potential advantages of a energy/ecology/technologies/mix combining use of
available underground spaces of closed old mines in the frame of prospective
environmental rehabilitation in synergy with large scale RES utilization development
and growth.

Naturally this conclusion is valid for regions reach on fossil and mineral
resources and history of extensive and intensive mining and taken as an introductory
conclusion it deserves our special attention and could be one of the crucial R&D and
commercialization topics to achieve task — entitling this paper not only in Serbia and
Romania but globally at-large.

3. Resources Exhaustion, Closing Mines and Ecological Rehabilitation Needs

Closing mines in Romania where mining is dating back to 100 years B.C.E
(/5/,/6/) is focusing mainly mines of ores which over time became exhausted, and
therefore become non-profitable to operate. As the best option for the State was
determined to be their ecological rehabilitation and closure in accordance with
responsibilities established by Romanian laws, and providing an assurance with the
reference to the project sustainability to all stakeholders concerned. Based on this
program more than 450 mines was planned to be closed in Romania over 10 years, with
a financial provision of approximately US $400 million.

Study /7/ task was mapping and forming GIS databases of the mineral deposits
and mining districts of Serbia. It was carried out within the joint project of a French
Gov. aid and Republic of Serbia's Ministry of Mining and Energy. Study result are
mineral deposits and mining districts databases constructed under Microsoft Access. Its
"Ore deposit" database /7/ contains 199 records that include among other: geological
data (typology, morphology, age and type of mineralization and host rock, mineralogical
composition of the ore, gangue and hydrothermal alteration); economic data (mine
status, type of development, former production, status of resources and reserves); data
concerning environmental hazards likely to be generated by the deposit; a list of the
deposits located within the district; the main primary and secondary ore minerals
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(commodities or substances) present, each annotated with an assessment of the
contained metal weight so as to enable an evaluation of the district's economic
importance, the age of the mineralization and host rocks; a comment on the potential
environmental releases and damage associated with the relevant mining and mineral-
processing industry; mineral deposits and mining districts of Serbia with the compilation
map and GIS databases including Serbia's Kosovo-Metohija Pliocene Basin containing
the largest exploitable reserves of lignite in Europe and also Serbian copper mining in
the Timoc District and lead-zinc mines in the Kopaonik District. Moreover, in Serbia,
this province appears to have been underexplored for gold, particularly with the
availability of modern exploration tools and procedures suited to the country's geology
and morphology.

Study /8/ done as joint Romanian and Serbian investigation addresses important
topics and is to be shortly reviewed also. It analyzes the impacts of mining activities on
sustainable land management in Serbian and Romanian mining areas focusing main
challenges for the management related to legislation issues, particular their relevance to
land disturbance, mine waste management and land reclamation, as well as access to
land for purpose of mining, transfer of mining royalties and broader partnerships
(mining industry, governments, communities, civil societies for sustainable mining,
etc.). Although, both governments are willing to provide the adequate role to mining in
strengthening the national economies, they face numerous constraints. Study final
concluding statement in /8/ “Sustainable mining practices and consistent
implementation of the mining for the closure planning approach, within an improved
legislative framework and in cooperation with stakeholders at all levels, create
conditions for the development of creative, profitable, environmentally-sound, socially-
responsible management and reuse of mine lands”.

These documents (Romanian and Serbian) and plenty other, can provide a basis
for founding, investigating, developing, promoting and aiding in the restructuring and
development of a NEW Program RES integrated energy/mining/ecology sector to
provide multidimensionally enhanced sustainable development approach.

4. Potential of Abandoned Mines for Energy Storage and Land Re-
cultivation

Mining-energy-industrial system in Kosovo Basin (/9/, /13/) can serve as one
case example of large lignite basin’s most important aspects of the structural changes
caused by the mining exploitation: consumption of large areas of land, degradation of
eco-systems; people migration and changes in the pattern of settlements/villages;
potential high level of environment pollution (air, water, land and living species) from
the industrial complex (/9/, /13/). Development of the Mining-energy-industrial system
in Kosovo basin have accelerated the socio-economic transformations (urbanisation,
deagrarisation) and caused the changes in the location and functions of town centers
/13/. Finally, the surface mining exploitation and the building and functioning of thermal
energy and other systems for coal processing represent a major structural change which
requires unique and specific approaches to planning in large lignite basins.
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Sustainable mining and consistent implementation of the mine closure planning
approach require a developed mutual partnership of mining companies, spatial planners,
investors, institutions and local communities to identify creative, profitable,
environmentallysound and socially-responsible management and reuse of mine lands /8/.

Transnational and cross-border cooperation between countries in the Danube
River Basin is extremely important /8/, bearing in mind the transnational risks of large
mining environmental hotspots in both countries which need ecological rehabilitation
(accident of the cyanide spill into the river Tisa from the gold mines in northern Romania
in 2000) left behind long-term consequences for the ecosystems in Romania, Hungary
and Serbia /8/.

On fig’s is given map of Serbia with legend of main mines for energy, metallic
and non-metallic mineral resources (Prof. Dr. S.Vuji¢, Mines Institute Belgrade).

Abandoned mines (where mining activities occurred, but acceptable mine
closure/reclamation did not take place or was incomplete) contribute to the legacy of
environmental degradation left by historic mining which occurred before mine closure
regulations were founded. In Canada regulators have initiated various programs to
assess and remediate the abandoned mines within their jurisdictions.
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Fig.1. Energy, non-metallic and metallic mineral mines
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Study /12/ presents the development of a WebGIS application aimed at providing
safe and reliable data needed for recultivation of abandoned mines in national parks and
other protected areas in Vojvodina in compliance with existing legal regulations. The
WebGIS application was developed and is publicly available, based on an appropriate
central database, which for the first time encompasses all available data on abandoned
mines in Vojvodina, and as such may serve as a model for similar databases on the
territory of the Republic of Serbia. The Cadastre of Abandoned Mines in the territory of
AP Vojvodina which was presented in 2015, provides information about the state of 217
abandoned mines.

It is the first such project implemented in Serbia Paper entitled “Heat-Storage in
Deep Hard Coal Mining Infrastructures” /19/ presents German project aimed to develop
heat storing technologies in the subsurface infrastructure of hard coal mines. By end of
2018 the last productive deep hard coal mine in Germany - Prosper Haniel — in the Ruhr-
Area will be closed down as the last one of more than hundred already closed coal mines
in the industrial heart of Germany with more than 6 Mio inhabitants in area of 50 cities.

Due to the large mine area dimensions of tens of km? per mine, depths of max.
1.500m at rock temperatures up to 50°C the mines have the potential to become an
enormous geothermal reservoir for seasonal heat storage. Paper presents fine review of
project details: investigation of the technologies of thermal reuse of underground mines
(open and closed loop geothermal extraction systems in coal mines), types of
underground TES (UTES), technical criteria for the realization of seasonal heat storage
in mine, identification and accessibility of adequate mining infrastructure, geometry and
orientation of the storage, open- and closed-loop systems, adequate storage media,
safety of the cross-section stability, tightness of the storage system, technical
examination of the heat storage & exchanger systems materials, etc. Due to the large
mine area dimensions of tens of km? per mine, depths of max. 1.500m at rock
temperatures up to 50°C the mines have the potential to become an enormous
geothermal reservoir for seasonal heat storage.

Thermal Unloading

ingulation | Loading Unloading
- Loading i Thermal insulation

Unioading
Loading Thermal
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y Loading

——

Concrete pit and
hot water store

borehole heat exchanger stores gravel | water stores Aquifer stores

Fig.2. Underground thermal energy storage concepts
Paper presents further fine review of project details: investigation of the

technologies of thermal reuse of underground mines (open and closed loop geothermal
extraction systems in coal mines), types of underground TES (UTES), technical criteria
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for the realization of seasonal heat storage in mine, identification and accessibility of
adequate mining infrastructure, geometry and orientation of the storage, open- and
closed-loop systems, adequate storage media, safety of the cross-section stability,
tightness of the storage system, technical examination of the heat storage & exchanger
systems materials, etc.

Canadian challenging experience in utilization of abandoned mine workings for
TES started in 1989 /18/ when the Town of Springhill created an industrial park and
offered to companies to tap into the geothermal energy supply from the local abandoned
coal mines. The mines are estimated to have an energy potential in excess of 67,000
MWh/yr, and a study of former gold mines in Timmins found that the mines had a
potential energy resource of at least 28,000 MWh/yr /18/. A simple methodology for the
Geothermal Energy Potential of Abandoned Underground Coal Mines is given in /20/.

Zbigniew Malolepszy and group of authors in papers (/11/, /14/, /22/) presented
reach Polish experience in: geothermal resources of former coal mine Nowa Ruda, low
temperature man made geothermal reservoirs in abandoned workings of unuderground
mines and modelling of geothermal resources within abandoned coal mines.

Study /10/ reviews factors affecting the feasibility of geothermal systems on
mining projects and has identified the possible configurations of geothermal systems
suitable for the exploration, operational and closure phases of mine development. The
geothermal opportunities associated with abandoned or legacy mines are also discussed,
as well as the potential categories of heat reservoirs associated with mine sites: natural
ground; backfilled workings; mine waste; dewatering pumping; and flooded
workings/pit lakes.

Flooded coal mine in the Upper Silesian coal basin constitutes a reservoir of low
enthalpy geothermal water at a temperature of 20-S0°C, depending on depth. In order
to extract and utilize the heat stored in the reservoir, the water must be drawn from the
mine.

After the heat has been extracted the water must then be reinjected into the
reservoir because of its high mineral content. Another method is to extract the heat
energy by a system of loop heat exchangers installed within the mine itself /14/.

238 Mablepsz)
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Fig. 3. Three simplified schemes for the extraction of geothermal energy from abandoned coal mine /14/
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5. Cavern Storage And More Construction Details On The Abandoned
Mines Utilization

Till now, very little use has been made of the energy store that relies on large
caverns in the rock which are suitable for storing water at high temperature (40 to 90°C).
Construction of such caverns is relatively expensive if it is not possible to convert
already existing caverns (e.g. used for oil storage). Main problems are heat losses caused
by circulation of the warm water in fissures located outside the storage cavern.

As arule, abandoned mines fill up with water which can also be used for thermal
energy storage. In contrast to the cavern stores the geometry is not optimized towards
achieving a small surface area, as mines are characterized mostly as widely branching
systems of tunnels/galleries. Consequently, mines are suited best for TES close to the
natural ambient temperature of the subsurface (examples are from Canada). Higher-
temperature TES can be constructed in deeper mines with related higher rock
temperatures. Attention deserve also near-natural underground thermal energy storage
systems that constitute a hybrid form between a natural UTES system and an artificially
constructed store.

Fundamental structural principle is important in these types of thermal stores, as
the subsurface is not directly used to store heat; instead, the storage medium consists of
a mixture of gravel or earth and water. The storage systems can consist of a pit that has
been sealed by suitable means and that is filled with the storage medium.

It is advantageous that, compared with a pure water storage system, no load-
bearing roof-structure is required, and this keeps the construction costs down. As a rule
the stores are thermally insulated laterally and at the top, sometimes also at the bottom,
depending on the volume and depth of the store. The insulation material must possess
adequate compressive strength for this application.

Thermal energy is generally charged into the store and withdrawn from it again
indirectly via embedded plastic pipe loops.

Therefore, it is also possible to use as the heat transfer medium mixtures of anti-
freeze which permit operation below 0 ° C. In addition to storing heat at a high
temperature level, it is thus also possible to operate the system in combined heat and
cold storage mode, using a heat pump.

6. Instead Of Conclusions — Old Cole Mines Can Be Part of Green Energy
Future

German government’s ambitious goal is to transform their energy landscape over
the next few decades: by 2025 to have 35-40% of electricity to come from RES; by 2035
55-60%, and by 2050 to hit at least 80% RES, coupled with an overall reduction in
energy consumption of 25% (compared to 2008). To realize these goals a huge
investment in wind and solar energy generation is necessary, as well as a step up in their
use of hydropower, as well as improvement of overall efficiency of natural gas power
plants.
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Early signs are encouraging, particularly in terms of their energy mix (in 2015,
RES reached 32.5% of Germany’s total electricity demand. It was reported in Quartz at
the time, that there was too much electricity available, “Power prices actually went
negative for several hours, meaning commercial customers were being paid to consume
electricity”. As China now is taking a leading role in the fight against climate change,
the prices of renewables are likely to drop further.

The main argument laid against renewable energy generation is that it is often
intermittent and this doesn’t really match with way the traditional electricity grid
operates. To have balance between the supply and demand, and keep distribution system
stable, when RES technologies enter into the grid, the only real option is to store the
energy when it’s produced, and then send it back to the grid when it’s needed. And it is
energy storage that old coal and mines could play a major role.

As final comments can be outlined: as fossil energy resources are closer to their
exhaustion, global warming in raise, and more catastrophic weather extremes are
occurring worldwide, there are more and more warnings that the risks to the Earth
humanity survival are also in growth. The Earth/humanity as a whole is becoming more
complex system than ever. Trying to find a way to make a turn from the current one-
way irreversibility to sustainability, in addition to the uninterrupted R&D aimed to
advance RES (Renewable Energy Sources) technologies it is necessary to find
innovative ways of universal schemes, quantities, indicators and criteria relevant for the
sustainable Earth resources utilization, environment protection and/or already damaged
environment recovery) to reach humanity’s resilience and sustainability. Availability of
most types of RES is interruptible and of variable intensity. Therefore, energy storage
is important for the large-scale utilization of RES, and large-scale storage systems
require large storage volumes. Worldwide, many abandoned mines (of coal or minerals)
offer large storage volumes almost readymade to be used directly for energy storage.
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Surse reci autocompensate sezonier in sisteme de instalatii
echipate cu pompe de caldura reversibile

Seasonally self-compensated cold sources in installation systems equipped
with reversible heat pumps

Andreea Baran, Ionela Cazacu, Theodor Mateescu, Razvan Luciu
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Abstract:
In the paper there are presented calculation principles for the designation of "cold sources'
with seasonal self-compensation.

’

Keywords: heat pump, seasonal storage, seasonal autocompension

Rezumat:
In cadrul referatului sunt prezentate principii de calcul pentru dimensionarea “surselor
reci” cu autocompensare sezoniera.

Cuvinte cheie: pompa de caldura, stocatoare sezoniere, autocompensare sezoniera

1. Introducere

Sistemele de instalatii echipate cu pompe de caldura cu compresie mecanica de
vapori sunt dependente de o sursa aditionala de caldura cu potential termic redus, de
cele mai multe ori naturala - aer, apa, sol.

Amenajarea acesteia implica costuri importante in investitia globala si adoptarea
solutiei este conditionata de particularitatile mediului natural, specific amplasamentului.

Avand in vedere efectele si consecintele alternative produse de pompele de caldura
reversibile, apare de interes exploatarea sistemelor in regim de autocompensare sezoniera,
prin valorificarea caldurii rezultata la functionarea instalatiei in regim de racire.

Excedentul termic obtinut in regim de vara poate fi acumulat in stocatoarea
sezoniere, care inlocuiesc sursele naturale, asigurand conditile functionale si autonomia
sistemelor echipate cu pompe de caldura.

Ca masa de stocare pot fi folosite materiale granulare, materiale cu schimbare de
faza sau apa, dimensionate corespunzator si in conditii specifice de amenajare. Solutia
este rezonabila pentru sisteme cu capacitati mici si mijlocii aplicate la obiective situate
in amplasamente izolate.

2. Determinarea sarcinilor termice

Necesarul anual de caldura pentru incalzire/racire in kWh/an poate fi determinat,
corespunzator parametrilor climatici si specifici amplasamentului si duratei sezoanelor
de incalzire respectiv de racire, cu relatii de forma:
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Qincalzire = H (Gi —Oem ) 11 (1)
in care:

O1 — temperatura interioara

Oem — temperatura medie a aerului exterior pe durata seoznului

T1, TR — durata sezonului de incalzire/racier

H — transmitanta totala a caldurii, calculate cu relatia generala

_v A 3 Aj
H_leRi_Zl: o1 5
—+—+2—
hi he A )

unde:

hi — 8 m?K/W, 6 m*K/W — pentru elemente vertical/orizontale

he — 22 m’K/W, 12 m?>K/W — pentru elemente vertical/orizontale

Se mentioneaza ca pentru determinarea sarcinilor termice se poate utiliza si

metoda “gradelor-zile®, corespunzator adaptarii fiecarei perioade de lucru.

Stabilirea duratei sezoanelor de incalzire, racire

Intersectiile curbelor de variatie ale temperaturilor medii lunare cu paralela la axa

absciselor corespunzatoare temperaturii ©. =Ocm,, pentru sezonul cald, delimiteaza
duratele sezoanelor intersectate (fig. 1 si fig. 2).

H\
==
Oemed1 B / \ eemz
— PN
/‘_ perioada racire
] %l_k L L] 12°c
| :
:., h | T1 y
1 pefioada indalzire
o
0 luna
Ol sonND1 FMma luna AMI I AS
Fig. 1 — Durata sezonului de incalzire Fig. 2 — Durata sezonului de racire

Temperaturile “medii lunare” sunt considerate mediile multianuale ale

temperaturilor aerului exterior inregistrate in ziua de 15 a fiecarei luni.

Temperatura “de echilibru” din sezonul de racire reprezintd valoarea temperaturii

exterioare la care aporturile de cdldurd (de la soare si sursele interioare) egaleaza
pierderile (prin transmisie si ventilare) la temperatura interioard de calcul pentru
climatizare si se calculeaza cu relatia:

N; *Qgursa
0 =0; ———4 3)
emz i H*x,
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in care:

0; — temperatura interioara de calcul pentru climatizare
Qsursa — aport solar si surse interioare

H — transmitanta — conform relatiei (2)

1, — 86400 secunde — durata unei zile

i = 0,65 — factorul de utilizare a pierderilor de caldura

3. Capacitatea termica necesara pentru sursa rece

In mod concret excendentul de cildurd din perioada de ricire este superior
necesarului pentru incalzire.

Qrécire > Qincélzire

In consecinti, capacitatea sursei aditionale cu potntial termic redus, in regim de
autocompensare sezoniera se poate dimensiona pentru Qincilzire.

Corespunzator coeficientului de performanta al pompelor de cdldurd integrate in
sistem (COP), capacitatea termica a stocatorului sursei reci se determina cu relatia:

1
Qstocator = Qincalzire (1 - @] 4)

In functie de ecartul acceptat pentru valorile extreme ale temperaturii stocatorului
si de parametrii fizici ai materialului folosit rezulta volumul necesar a fi amenajat:

Qstocator
V., = 5
stocator p*Cp* (emax —Omin ) ©
Pentru temperaturile obisnuite ale agentului intermediar (apa +glicol) este
recomandabil ca ecartul de temperatura adoptat (Omax-Omin) sd nu depaseasca 15-20°C.
Calculul termotehnic al ansamblului se face pe baza ecuatiilor de bilant si transfer
termic specifice schimbatoarelor de caldura cu acumulare.

4. Concluzii

Utilizarea pompelor de caldurd cu compresie mecanica de vapori, reversibile,
pentru racire si incalzire 1n sisteme locale de instalatii ofera posibilitatea valorificarii
termice proprii In regim de autocompensare sezoniera.

Solutia elimind necesitatea surselor naturale cu potential termic redus, conferind
autonomie functionald indiferent de particularitatile amplasamentelor.

In acelasi timp se pot obtine si beneficii de natura economici, prin controlul si
atingerea performantelor globale a sistemului.
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Analiza randamentelor unui sistem de cogenerare cu
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Efficiency analysis of a CHP plant, based on reciprocating engines as
prime movers and a hot water boiler as peak source
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Rezumat. Lucrarea abordeaza analiza variatiei randamentului motoarelor dintr-o
centrala de cogenerare care deserveste cladirile de birouri ale unui operator economic.
In conditiile variatiei sarcinii termice anuale, motoarele termice intrd sau ies pe rand din
functiune, functioneaza la capacitate nominald sau in regim de sarcind partiald.
Randamentul termic al fiecarui motor se modifica in mod corespunzdator cu sarcina
termica solicitata determindand variatia randamentului global. Randamentul electric al
sistemului este deasemenea o functie de nivelul sarcinii. Lucrarea de fata prezintd un
model de calcul si analiza a randamentelor motoarelor active in functie de necesarul
termic solicitat de catre consumator, in relatie cu trei modalitati de operare. S-au
intocmit graficele de functionare in functie de sarcina de incarcare pentru fiecare motor
termic §i pentru cazan Ssi s-au trasat graficele randamentului termic total si al
randamentului global in cele trei moduri de operare, cascadd, alternant si simultan.

Cuvinte cheie: cogenerare, motor termic, putere nominala termica, randament termic,
sarcina partiala.

Abstract. The paper deals with the theme of the variation of the efficiency of the
reciprocating engines in a cogeneration plant serving the office buildings of an economic
operator. Under the conditions of yearly thermal load variation, reciprocating engines
come in or out of order, operate at rated capacity or in partial load mode. The thermal
efficiency changes accordingly, determining the overall efficiency variation. The
electrical efficiency of the CHP is a function of the load level. The present paper presents
a model for calculating and analyzing the efficiency of the active engine according to
the thermal load demanded by the consumer, in relation to three modes of operation.
Operating charts for each reciprocating engine as well for the boiler have been prepared,
the total thermal efficiency and the total efficiency graphs were plotted in the three ways
of operating modes, consecutively, alternating and simultaneously.

Key words: cogeneration systems, reciprocating engines, nominal power, thermal
efficiency, partial load.
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Notatii si simboluri:

CZ  cazan termic Qumcons sarcina termica cerutd de consumator

i numarul de ordine al motorului termic (kW)

M;  motor termic "i" (cuidelallab) Jcznom putere termicd nominald a cazanului 1

PL  sarcina partiald de functionare a sau 2 (kW)
motorului/cazanului (%) Jetnom putere electricd nominald motor (kW)

PgU  putere electrica utila data de motor (kW) Jmnom putere termica nominald motor (kW)

PwU  putere termica utild data de motor (kW) Nelnom randament electric nominal (%)

PI putere primara introdusd de combustibil Ne,pe  randament electric la sarcind partiala (%)
(kW) Ninom randament termic nominal (%)

PP putere pierdutd de motor/cazan/sistem Nmp.  randament termic la sarcina partiala (%)
(kW) Ncz  randament termic cazan (%)

PU  putere totala utila, electrica+termica, Nihwotal randament termic total al sistemului (%)
motor/cazan/sistem (KW) Nelobat randament global al sistemului (%)

1. Introducere

Cogenerarea, tehnologie de producere simultand a energiei termice si a energiei
electrice, este o alternativa la sistemele clasice de productie separatd a celor doua
forme de energie prin care randamentul global, termic+electric, poate ajunge la 85%
fatd de 58% 1n sistemule classic [1], se reduc pierderile pe retelele de transport prin
construirea sistemului in apropierea locului de consum si se obtine reducerea emisiilor
de noxe in mod implicit odata cu reducerea consumului de combustibil [2]. In scopul
unei functionari eficiente a sistemului de cogenerare necesarul de energie termica si
electrica trebuie sa fie unul important, cele doud forme de energie trebuie sa coexiste
minim 4500 h/an intr-un raport ce nu are fluctuatii mai mari de +10% [3].

Motoarele termice, ca sursd primara de producere a energiei termice $i a
energiei electrice, functioneaza bine 1n regim de incarcare partiala, regim de
functionare majoritar intilnit Tn practica, si au raspuns rapid la variatiile sarcinii
provocate de comportamentul consumatorului [4], [S]. La functionarea in regim de
sarcind partiald motoarele termice functioneaza bine, fard modificarea semnificativa a
randamentului, pand la 50% din capacitatea nominalda, sub aceasta limitd fiind
interzisa functionarea in specificatiile tehnice ale furnizorilor.

In practica curents, functionarea unui sistem de cogenerare se poate realiza in
trei moduri de operare: modul 1 in care motoarele intrd in functiune in cascada, pe
rand si rdman In functiune la sarcind nominald (100%) odatd atinsa aceastd limita,
modul 2 in care motoarele functioneaza alternant cu cazanul termic la aceeasi sarcind
de incarcare, In orice moment si modul 3 in care motoarele functioneaza simultan,
descarcand in mod egal orice sarcind termicd ce depdseste ca valoare 50% din
capacitatea nominald a unui motor, fard interventia cazanului.

In cadrul analizei din lucrarea de fati s-a urmdrit: prezentarea unui sistem de
cogenerare cu motoare termice, metoda de calcul a randamentelor la sarcini partiale,
prezentarea celor trei moduri de operare posibile, analiza comparativd din punct de
vedere energetic a randamentelor sistemului in cele trei moduri de operare. in finalul
studiului sunt prezentate concluzii asupra modului de intrare in sarcind a motoarelor
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termice din cadrul sistemului de cogenerare propus. Rezultatele prezentului studiu pot
servi deciziel implementarii si alegerii unui sistem de cogenerare similar.

2. Metoda

Modelul de calcul este bazat pe ecuatia Sanaye S. si colab. [6] a randamentului
termic la sarcind partiald, pe ecuatia ASHRAE, 2008 [7] a variatiei randamentului
generatorului electric si pe metodea de calcul a cerintelor energetice si a randamentelor
sistemelor din SR EN 15316 [8]. Aprecierile temporale din studiul de fata sunt facute
in ipoteza sensului crescator al sarcinii (puterii) termice solicitate de catre consumator.

Sistemul de cogenerare studiat are ca sursa primara de producere a energiei 5
motoare termice cu combustie internd echipate cu generatoare electrice si cazan de
apa calda pentru acoperirea sarcinii de varf si a fractiilor de sarcind. Schema fluxurilor
energetice ale sistemului considerat este prezentatd in Fig. 1. Randamentul termic al
fiecarui motor si al cazanului este analizat in ipoteza cresterii cu ecart de 1kW a puterii
termice cerute de consumator. Randamentul termic al motoarelor la functionarea in
sarcind partiald este calculat cu ecuatia Sanaye S. si colab., randamentul electric este
calculat cu ecuatia ASHRAE 2008 iar puterea electrica utild este calculatd coform
standardului SR EN 15316 si raportului tehnic corespondent [9].

A AN

---1 | Energia pierduta

S Y
=N
_J
)

Energie termica,
consumatori

Combustibil gaz natural. Energie primara

——)

Energie electrica, in retea

v A A 4
Fig. 1. Schema fluxurilor energetice in sistemul de cogenerare.
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Primul mod de operare, in cascada, presupune intrarea consecutiva in functiune
a motoarelor termice in ordinea: M1, M2, M3, M4 si M5, pe masura cresterii sarcinii
cerute de consumator. Motoarele functioneaza de la sarcini partiale de 50% péana la
100%, dupa care raman in functiune la capacitatea nominald. Cazanul acopera pe rand
fractiile de sarcina Intre 1% si 50% pana la pornirea urmatorului motor.

Al doilea mod de operare, alternant, presupune intrarea consecutiva in functiune
a motoarelor termice, similar modului 1, dar redistribuirea sarcinii consumatorului in
mod egal Intre motoare la fiecare noud intrare a unui motor. Practic, la solicitarea din
partea consumatorului a unei sarcini termice de valoare egala cu 1,5 sarcini nominale
in modul 1 va mai functiona motorul M1 la capacitate 100% si motorul 2 la 50% iar in
modul 2 vor functiona ambele motoare la 75% din capacitate. In modul 2, similar
modului 1, cazanul termic acopera pe rand fractiile de sarcind intre 1% si 50% péana la
pornirea urmatorului motor. In modul 2 motoarele aflate in functiune opereazi in orice
moment la aceeasi sarcind partiala si ating sarcina nominald concomitent.

Al treilea mod de operare presupune ca odatd intrat in functiune motorul M1
orice valoare superioara a sarcinii termice, ulterior aparutd, sa fie distribuitd egal la
numarul minim posibil de motoare termice, cu respectarea conditiei privind minimul
de 50% capacitate de functionare, fard utilizarea cazanului termic. Practic, dacd in
modurile 1 si 2 de operare, la o sarcind termicd cuprinsd ca valoare numerica in
intervalul deschis (qth,nom, 1,5Xth,nom) intrd in functiune cazanul termic, in modul 3 de
operare aceasta valoare a sarcinii se va distribui In mod egal motoarelor M1 s1 M2,
functionand fiecare la sarcini partiale egale, intre 50% (pentru qnom) $i 75% (pentru
1,5Xqm,nom). Toate intervalele fractiilor de sarcind acoperite de cazan in modurile 1 gi 2
(intre 1% si 50% pana la pornirea urmatorului motor) sunt rezolvate in modul 3 prin
augmentarea cu un motor a numarului de motoare in functiune si distribuirea egala a
sarcinii.

Cele 5 motoare tip MWM TCG 2020 sunt alimentate cu gaz natural, au puterea
termica nominald, (wmnom, 1675kW, au un randament termic nominal, M nom, 45,7%.
Puterea electrica nominala, gel,nom, ce poate fi furnizata de un astfel de motor este 1500
kW, cu un randament electric nominal, TMeinom, 40,9%. Randamentul global al
motorului termic (electricttermic) este 86,6%. Motoarele pot functiona la orice
capacitate de incarcare intre 50% si 100% din capacitatea lor nominald fard ca
randamentul motorului sd fie afectat semnificativ. Producatorii motoarelor termice
pentru cogenerare nu recomanda functionarea acestor echipamente sub 50% din
capacitatea nominald. La o cerere de putere termicad din partea consumatorului situata
sub 50% din capacitatea nominald, motorul este oprit iar sarcina este preluatd de
cazanul termic de apa calda.

Modul 1 de operare - functionare in cascada

Cazanul de apa calda de joasa presiune, alimentat cu gaz natural, are puterea
termicad nominald 850 kW, cu o variatie a randamentului intre 93,8% si 95,8%.
Cazanul va asigura toate fractiile de 837,5kW pana la intrarea In functiune a motorului
urmator (cazul cererii crescatoare de putere termica).
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Sarcina partiald a unui motor "1" se calculeaza in procente doar pentru sarcinile
termice mai mari decat 50% din capacitatea nominald a motorului, conform Ecuatiei
(1). Randamentul termic la sarcina partiald a motorului "i" se calculeaza functie de
sarcina partial, conform Ecuatiei (2) [1]. Puterea utild termica furnizata rezultd ca
produsul dintre sarcina termicd partiald si randamentul termic, Ecuatia (3).
Randamentul electric la sarcind partiald a motorului "i", definit pe conturul
generatorului electric, se calculeazd conform Ecuatiei (4) [2]. Randamentul electric
nominal, Mel,nom, dat In fisa producatorului de motoare ofera valoarea randamentului
electric pe conturul mai larg al intregului echipament, motor + generator. Astfel,
randamentul pe generatorul electric dat de Ecuatia (4) are valoarea maxima,
MAX(nePL), 91,13% la atingerea capacitdtii nominale caind motorul produce, conform
producatorului, 1500 kW electrici utili, cu un randament electric pe conturul intregului
echipament de 40,9%. Puterea electricd utild furnizata de fiecare motor se calculeaza
cu Ecuatia (5), prin interpolare liniara din sarcina electrica nominald, qetnom, puterea
termicd utila la sarcind partiala, PwU si sarcina termicd nominald, qnom, [8], [9].
Puterea utila totald furnizata de fiecare motor in parte este reprezentatd de insumarea
puterii utile termice si electrice, conform Ecuatiei (6). Puterea primara introdusa prin
combustibilul se calculeaza cu Ecuatia (7). Puterea pierdutda de motor prin evacuarea
gazelor de ardere la cos la 120 °C si prin mantaua motorului rezultd din Ecuatia (8).
Sarcina de incdrcare partiald a cazanului termic este descrisd de Ecuatiile (9).
Randamentul termic al cazanului este considerat constant, 95,8%, pana la o sarcina de
incarcare de 40% si se calculeaza cu Ecuatia (10) pentru incarcari intre 40% si 100%.
Puterea utild termicd a cazanului se calculeazd conform Ecuatiei (11), puterea
introdusa de combustibil in cazan se calculeazd conform Ecuatiei (12) si puterea
pierdutd de cazan se calculeaza cu Ecuatia (13). In final au fost calculate randamentul
termic total s1 randamentul global (termic+electric) ale sistemului cu Ecuatiile (14) si

(15).

100, daca ch,cons =1 dth,nom
Qth,cons—(i—1)'qthnom -100 daci (l _ l) . < Q <i-
PLMi = Qehmom ) > Athnom = Cthcons =1 Qthnom (])
- . 1
OFF, daca Qth,cons < (- E) "qthnom
By, = Ty, - (L07e~09%0535 P, _1 350 g=085367 1, B
i i
PthUMi = PLMi " qth,nom (3)
Metpiyy, = —0,149 - PLy2 + 0,331 PLy, +0,7293 @)
PenUp,
PelUMl. _ Qel,r;om thUM; (5)
th,nom
PUMi = PthUMi + PelUMi (6)
PtnUm;+PelUm;
PIMi = 77el.PLel\,Ii'nel,nom (7)

Tth PLy, T MAK(ng,PL)
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Qth,cons 3
_qth: - 100, daca 0 < Qtncons < %qth.nom
CZnom
< .1 [
PLcZ = OFF, daca (l - E) ' qth,nom =< ch,cons <t ch,nom (9)
Qth,cons—5 ,nom 3
th, ; dth -100, daca 5- dthnom < ch,cons
CZnom
Nez = —0,033 - PL¢z +0,9712 (1o
PUcz = PL¢z " 9eznom (n
Ple; = —ez ()
Ncz
PP¢z = Plcz — PU¢y (2
25(PenUn,)+PUcz
Nth,total = 25(Pi) +Picz (14)
»s PUMl- +PUcz
Nglobal = 1( ) ()

23(PIy,)+PIcz

Modul 2 de operare — functionare alternantd la aceleasi sarcini de
incarcare

In ipoteza sensului crescator al cererii de sarcind termica, cazanul de api calda
de joasa presiune va asigura, similar modului 1, toate fractiile de 837,5 kW péana la
indeplinirea conditiilor cererii de intrare in functiune a unui nou motor. In acest
moment sarcina ceruta se va imparti egal intre acest nou motor si motorul/motoarele
aflate deja in functiune. Aceastd metoda face ca motoarele aflate in functiune sa
functioneze 1n orice moment la aceeasi incarcare partiald. La atingerea sarcinii
nominale, 8375 kW, concomitent la toate cele 5 motoare, va reintra in functiune
aditional cazanul termic, pana la acoperirea sarcinii de varf in valoare de 9225 kW
(pentru egalitatea intervalului de analiza).

Conditiile pentru calcularea in procente a sarcinii partiale a fiecarui motor "i",
in modul 2 de operare, sunt descrise in Ecuatiile (16):

o 1 .
OFF, daca ch,cons < 5 qthnom» ptr.i =1

Q h o . 1 . U
~theons . 100, daca (i— E) “Gthnom < Qtncons < 1" Qennoms Pr-i=1..5
PLML' = < U'thnom

.. L1 ,
100, daca i Gnnom < Qthcons < (l + E) “Qennom» Pr. i =1..5
100, daca  Q¢ncons > 5" Gthnoms ptr.i=1..5

(16)

In modul 2 de operare, randamentul termic la sarcind partiald a motorului,
puterea utild termica, randamentul electric la sarcina partiala, puterea electrica utila,
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puterea utila totala furnizatd, puterea primara introdusa de combustibilul de alimentare
si puterea pierduta de motor se calculeaza, similar modului 1 de operare, cu Ecuatiile
(2), 3), (4), (5), (6), (7) si (8). Pentru calcularea sarcinii de incarcare a cazanului
termic se foloseste, similar modului 1 de operare, Ecuatia (9).

In modul 2 de operare, randamentul termic al cazanului, puterea utila termica
furnizatd de cazan, puterea introdusd de combustibil si puterea pierdutd de cazan se
calculeaza, similar modului 1 de operare, cu Ecuatiile (10), (11), (12) si (13). In final
au fost calculate, pentru modul 2 de operare, randamentul termic total si randamentul
global (termic+electric) ale sistemului cu Ecuatiile (14) si (15).

Modul 3 de operare — functionare simultana la aceleasi sarcini de incarcare
fara interventia cazanului termic

In aceeasi ipotezi a sensului crescator al cererii de sarcini termici, cazanul de
apa calda de joasa presiune va asigura sarcinile pana la 837,5 kW cand se indeplineste
conditia intrarii in functiune a motorului M1. Din acest moment orice valoare a sarcinii
termice cerutd de consumator se va imparti egal la numarul minim de motoare ce o pot
asigura, fara a se mai utiliza cazanul termic, iar atunci cand sarcina depaseste ca
valoare un numar intreg multiplu al valorii sarcinii nominale se va adauga la impartitor
motorul urmator. Motoarele aflate in functiune opereaza in orice moment la aceeasi
incarcare partiald. La atingerea puterii termice utile maxime ce poate fi furnizatd de
cele 5 motoare, 8375 kW, intra in functiune aditional cazanul termic, pand la
acoperirea sarcinii de varf in valoare de 9225 kW (pentru egalitatea intervalului de
analiza).

Conditiile pentru calcularea in procente a sarcinii partiale a fiecarui motor
in modul 2 de operare, sunt descrise in Ecuatiile (17):

Hi"

PLM,: -
o 1 .
( OFF, daca ch,cons < 3 qthnom ptr.i=1

ch,cons = . 1 . T
i - 100, daca (l - E) “qthnom < ch,cons <t dthnom» ptr.i1 = 1..5
dthnom

Qth,cons > . i
: u_l 100, daca (l + k- 1) “Gthnom < ch,cons < (l + k) " qthnom
) (i+k)qthnom

cuk=1..4keZ ptr.i=1
cuk=1..3,k€Z, ptr.i =2
cuk=12 ,k€eZ, ptr.i =3
cuk=1 Jk €Z, ptr.i =4
\ 100, dacda  Qipcons > 5 Qethnoms ptr. i=1..5

(17)

in modul 3 de operare, randamentul termic la sarcind partiali a motorului,
puterea utild termica, randamentul electric la sarcina partiald, puterea electrica utila,
puterea utild totala furnizata, puterea primara introdusa de combustibilul de alimentare
si puterea pierdutd de motor se calculeaza, similar modului 1 de operare, cu Ecuatiile
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(2), (3), (4), (5), (6), (7) si (8). Pentru calcularea in modul 3 a sarcinii de incarcare a
cazanului termic se foloseste Ecuatia (18).

o 1
(Sehcons 100, dacda 0 < Qtncons <3 qthnom

dcznom ’ 2 ’

o 1
PLq; = OFF, daca eqh,nom < ch,cons <5- Qthnom (18)
Qth,cons—5qthnom v
100, daca 5- Athnom < ch,cons
dczZnom

In modul 3 de operare, randamentul termic al cazanului, puterea utild termica
furnizatd de cazan, puterea introdusd de combustibil si puterea pierdutd de cazan se
calculeaza, similar modului 1 de operare, cu Ecuatiile (10), (11), (12) si (13). In final
au fost calculate, pentru modul 3 de operare, randamentul termic total si randamentul
global (termic+electric) ale sistemului cu Ecuatiile (14) si (15).

3. Rezultate

Analiza grafica intre modul 1, 2 si 3 de operare, a rezultat din trasarea curbelor
de randament pentru fiecare motor, pentru cazan si pentru sistem in ansamblu pe
intervale de putere termica. Analiza valorica rezulta din observarea valorilor minime,
maxime si particulare pentru fiecare kW de putere termica din calculul tabelar.

Considerand motorul 1 in modul 1 de operare, Fig. 2, acesta atinge randamentul
termic maxim de 45,98% la o putere termica cerutd de consumator de 1437 kW
functiondnd la 85,79% din capacitatea nominald. Pe masura cresterii cererii,
randamentul termic scade insesizabil, atingdnd in sarcind nominald valoarea de
45,90%, dupa care functioneaza cu randament termic constant, 45,90%, pana la finalul
intervalului de analizd. In modul 2 de operare comportamentul motorului 1 este identic
pe primele doui intervale de functionare cu modul 1 de operare. In modul 2, la intrarea
in sarcind a celui de-al doilea motor, vor functiona ambele motoare la 75% din
capacitatea nominald, cu randament termic de 45,81%. In modul 3 de operare
randamentul motorului 1 are comportament identic cu celelalte doua moduri doar pe
primul interval de functionare iar Tn momentul depasirii cu 1 kW a sarcinii nominale
de 1675 kW intrd in functiune si motorul al 2-lea, sarcina impartindu-se egal la M1 si
M2 care vor functina fiecare la 50,03% sarcind partiald. De la o cerere de putere
termica mai mare de 2650 kW pana la finalul intervalului de analizd, randamentul
termic al motorului 1 este mai mare in modul 2 de operare decat in modul 1 iar de la o
cerere mai mare decat 4188 kW modul 3 de operare inregistraza randamente termice
mai mari decat modul 2 sau cel mult egale.

Motorul 2, Fig. 2, porneste in modul 1 de operare la solicitarea unui necesar
termic de 2512,5 kW, cu randament termic minim 43,59% si atinge randamentul
termic maxim, 45,98%, la o cerere de 3112 kW. In modul 2 de operare, motorul 2
porneste la acelasi necesar termic de 2512,5 kW, dar cu randament termic semnificativ
marit, 45,81% si atinge randamentul termic maxim, 45,98%, pe mai multe intervale
pana la finalul intervalului de analiza. Pe intervalele de functionare la sarcind nominala
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(100%) cand intra si cazanul termic in functiune, motorul 2 are in modul 1 si in modul
2 de functionare randamente termice egale. In modul 3 de functionare M2 porneste la
solicitarea unui necesar termic de 1676 kW, cu randament termic egal modului 1 de
operare, se comportda similar modului 2 pe intervalul 2513+3350 kW, inregistraza o
scadere a randamentului termic pe intervalul 3350+3946 kW, dupa care valorile sunt
in mod alternant mai mari sau egale cu valorile inregistrate iIn modul 2 de operare.
Motorul 3, Fig. 2, porneste 1n modul 1 de operare la un necesar termic de
4187,5 kW, cu randament termic minim 43,59% si atinge randamentul termic maxim,
45,98%, la o cerere de 4787 kW. In modul 2 de operare, motorul 3 porneste la acelasi
necesar termic dar cu randament termic semnificativ marit, 45,96% si atinge
randamentul termic maxim, 45,98%, pe mai multe intervale pana la finalul intervalului
de analiza, corespunzitoare respectiv intrarilor in sarcind a motoarelor 4, 5. In modul
2, la momentul intrarii in functiune a motorului 3, acesta isi echilibreaza sarcina
partiala de functionare cu motoarele 1 si 2 la 83,34%. Pe intervalele de functionare la
sarcind nominala (100%), cand intrd si cazanul termic in functiune, motorul 3 are in
modul 1 si in modul 2 de functionare randamente termice egale. In modul 3 de
functionare M3 porneste la solicitdri mai mici, 3350 kW, cu randament termic de

45,46%, se comportd similar modului 2 de operare pe intervalele de tipul (i — %)
Qthnom ~ L Qennom S$1 INTegistreazd randamente termice mai mari decit in modul 2 pe
intervalele de tipul i - qipnom + (i + %) " Qthnom-

Algoritmul de functionare si caracteristicele de randament termic individual
descrise pentru motoarele 1, 2 si 3 se pastreaza si pentru motoarele 4 si 5, asa cum se
poate observa in graficele din Fig. 2. Motoarele intrd in functiune la momentul
indeplinirii conditiilor de sarcini termica pentru fiecare din ele. In modul 1, in timp ce
motoarele anterior intrate, odatd atinsa sarcina nominald, rdman sd functioneze la
sarcini de 100%, motorul nou intrat incepe functionarea cu sarcina partiala de 50%. in
modul 2, intrarea unui nou motor in functiune presupune echilibrarea sarcinilor patiale,
87,51% la intrarea motorului 4 si 90,01% la intrarea celui de-al 5-lea motor. Aceste
sarcini partiale corespund unui interval al sarcinilor partiale de functionare, 85,79% -
91,46%, in care motorul termic atinge valori maxime de randament termic, 45,98%. in
modul 3 de operare motoarele intrda in functiune mai rapid, la puteri mai mici
(decalajul este egal cu valoarea unei jumatati din valoarea sarcinii nominale, 837,5
kW), sarcinile partiale se echilibreaza la momentul intrarii cu motoarele aflate deja in
functiune si nu se mai apeleazd la utilizarea cazanului termic. Randamentul termic
maxim, 45,98%, este atins in modul 3 de operare la sarcini partiale din intervalul
85,77% —+ 91,47%. Modul 2 de functionare asigurd, per total, obtinerea unor
randamente termice individuale superioare modului 1 iar modul 3 asigura, privind
intreaga plaja de puteri termice, intervale mai largi cu randamente termice superioare
in comparatie cu modul 2.
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Fig. 2. Comparatia celor 3 moduri de operare din perspectiva randamentului termic individual
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Analiza graficd si valorica a randamentului cazanului de apa calda, Fig. 3,
relevd pentru modurile 1 si 2 o aceeasi frecventa si necesitate de utilizare a sursei de
varf pentru satisfacerea cererii maxime de energie termica. Se observa: similitudinea
perioadelor de functionare, egalitatea sarcinilor de incarcare partiala de functionare si
egalitatea valorilor de randament inregistrate. In modul 3 de operare cazanul termic nu
mai este utilizat odata intrat primul motor in functiune. Pe primul interval de definitie
al puterii termice (0 kW =+ 837,5 kW), in toate modurile, cazanul functioneaza solitar,
motoarele termice stationeaza, sistemul nu produce energie electricd si nu putem vorbi
de cogenerare, ca efect, in sensul strict al cuvantului.
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Fig. 3. Variatia randamentului cazanului termic in cele 3 moduri de operare.

Randamentul termic total al sistemului de cogenerare considerat, Fig. 4, are
caracteristici asemanatoare in primele doud moduri de operare cu o usoara diferenta.
Primul interval din cele 3 grafice corespunde perioadei de functionare a cazanului
termic, perioada in care randamentul termic total este randamentul cazanului, evident
identic in ambele moduri si fara relevantd pentru cogenerare - nu se genereaza putere
electrica. Valorile randamentului termic total pe capetele de final ale intervalelor, cand
se ating sarcinile nominale de functionare ale motoarelor (100%) sunt identice
deasemenea in cele 3 moduri de operare. In modul 3 de operare, datoriti neutilizarii
cazanului termic, randamentul termic total prezintd caracteristici aplatizate, cu valori
mai mici decat valorile inregistrate Tn modurile 1 si 2. Diferentele, util de consemnat,
dintre valorile randamentului termic total in modurile 1 si 2 apar in momentele de
pornire ale motoarelor. La pornirea motorului 2 sistemul de cogenerare inregistreaza in
modul 2 de operare un randament termic total usor marit de 45,33% fata de 44,93%
corespunzator modului 1 de operare. La pornirea motorului 3 sistemul de cogenerare
inregistreazd in modul 2 de operare un randament termic total de 45,60%, mai mare
fatd de randamentul termic total al modului 1 de operare, 45,27%. La pornirea
motorului 4 sistemul de cogenerare inregistreaza in modul 2 de operare un randament
termic total de 45,68%, mai mare fatd de randamentul termic total al modului 1 de
operare, 45,42%. La pornirea motorului 5 sistemul de cogenerare inregistreaza in
modul 2 de operare un randament termic total de 45,72%, mai mare fatd de
randamentul termic total al modului 1 de operare, 45,79%.
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Fig. 4. Comparatia celor 3 moduri de operare din perspectiva randamentului termic total

Randamentul global, electrict+termic, al sistemului de cogenerare este ilustrat de
graficele din Fig. 5. Valorile maxime ale randamentului global in modurile 1 si 2 de
operare, comparate pe intervale, sunt identice si se ating in capetele in care functioneza
atingand sarcina nominala (100%) atat motorul cit si cazanul termic. In modul 3 de
operare valorile randamentului global sunt egale cu valorile modului 2 de operare pe

intervalele de tipul (i _%)'ch,nom + 1" qepnom, sunt inferioare celorlalte doud

moduri pe intervalele de tipul i-qpnom + (i +%) "Qthnom (corespunzatoare

perioadelor de functionare a cazanului termic) si sunt identice pe intervalul de capat
8375+9225 kW. Diferenta intre modul 1 si modul 2 de operare apare intre valorile
randamentului global in momentele de pornire a motoarelor 2, 3, 4 si 5. Avantajul
valorilor mai mari este in favoarea modului 2 de operare (85,93% fata de 85,17%,
86,43% fatd de 85,82%, 86,59% fata de 86,10% si 86,66% fatda de 86,25%). Pe
intervalele de definitie a puterii termice corespunzatoare perioadelor de functionare a
cazanului termic caracteristicile randamentului global al sistemului de cogenerare se
suprapun in modurile 1 si 2 de operare, lucru evident din moment ce motoarele aflate
in functiune opereaza atat in modul 1 cat si in modul 2 la aceeasi sarcind nominala,
100%, furnizand puterea termica utild maxima fiecare (1675 kW) si puterea electrica
utild maxima fiecare (1500 kW), la care se insumeaza puterea utila termica a cazanului
de apa calda (aceeasi pentru fiecare dintre cele doud moduri de operare, Fig. 3).
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Fig. 5. Comparatia celor 3 moduri de operare din perspectiva randamentului global

289
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cazan de apa calda

6. Concluzii

Din punct de vedere al randamentelor termice individuale, analiza rezultatelor
prezentate in Fig. 2 asupra motoarelor relevd o mai eficientd functionare in cazul
operarii in modul 3, simultan. In modul 3 de operare motoarele ating randamentul
termic individual maxim, functionand intre sarcini partiale de la 85,77% péana la
91,47%, pe mai multe intervale comparativ cu modul 1 sau pe intervale mai largi
comparativ cu modul 2.

Randamentul termic total obtinut de sistem, Fig. 4, prezinta valori superioare in
modurile 1 si 2 de operare datorate sursei de varf (cazanul termic de apa calda). Modul
2 de operare alternantd inregistreaza usor avantaj datoritd valorilor randamentului
termic total din momentele de pornire ale motoarelor, agsa cum se aratd in prezentarea
rezultatelor, Fig. 4. Modul 3 de operare inregistreaza valori mai scazute ale
randamentului termic total datorate utilizdrii restrictionate a cazanului termic. La
sarcina de varf cele 3 moduri de operare realizeaza acelasi randament termic total.

Randamentul global al cogenerarii, analizat cu Fig. 5, are valori cuprinse intre
82,08% si 88,19% pentru modurile 1 si 2 de operare si intre 82,08% si 87,14% pentru
modul 3 (in afara intervalului 0+837,5 kW, de putere utila electricd nuld). Din punct
de vedere al randamentului global, graficele releva situatii avantajoase modurilor in
cascada si alternant. Daca este sd privim asupra valorilor maxime de pe cele 5 curbe
caracteristice din fiecare dintre primele doud moduri de operare observam ca
randamentul global al sistemului inregistreaza aceleasi valori maxime. Valorile
minime ale randamentului global de la Inceputul curbelor caracteristie fac insa
diferenta intre modul 1 si modul 2 de operare, in favoarea modului 2 - randamente mai
bune la pornire in modul 2.

Analiza randamentelor sistemului de cogenerare, realizata in amdnunt pe plaja
de puteri acoperita de echipamentele sursei de baza si a celei de varf, desi a semnalat
diferente mici intre valori, aduce argumente pentru operarea alternantd, recomandata in
cazul unei cereri puternic variabile din partea consumatorului. Daca cererea de putere
termica a consumatorului se incadreaza intr-un interval stabil, bine definit, interval ce
se determind in faza de proiectare intocmind curba clasatd a necesarului termic al
consumatorului, modul 3 de operare simultana ofera deasemenea avantaje. Utilizarea
motoarelor termice, fard interventia alternativd a cazanului, presupune mentenanta
pentru un singur tip de echipament si avantajul furnizarii suplimentare de energie
electrica utila. Daca, spre exemplu, in modurile 1 si 2 la o sarcina egala ca valoare cu
1,4 qtnnom VvOm avea putere electricd utila datd doar de motorul 1 functionind la
sarcina nominald (100%), adica 1500 kW electrici, In modul 3 vom avea 2100 kW
electrici utili, furnizati de motoarele M1 si M2 functionind fiecare la sarcini partiale de
70%. Prin urmare, din perspectiva consumatorului ce pune accent pe energia utila
electricd, modul 3 de operare este cel mai avantajos. Adoptarea unuia sau a altuia
dintre modurile de operare se va face cu ajutorul modelului descris in stransa corelatie
cu necesarul de consum, atat termic cat si electric, al beneficiarului. Totodata modelul
numeric poate fi extrapolat pe sisteme de cogenerare alcatuite din mai multe motoare
termice sau cu alte caracteristici tehnice.
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Cresterea randamentului global al unui sistem de cogenerare cu unul-doud
procente poate insemna, in conditiile unui necesar termic si electric important, de
ordinul megawattilor, o economie de combustibil considerabila. Justa apreciere a
economiilor de energie primara ce pot fi realizate se face prin considerarea productiei
si a consumurilor energetice pe perioada unui an de functionare. Eficientizarea intr-o
si mai mare masurd a modului de obtinere si folosire a energiei termice si electrice se
poate face prin implementarea tehnologiei de trigenerare, respectiv prin adaugarea in
sistem a chillerelor cu absorbtie, masura propusa pentru o lucrare viitoare.
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Résumé. Le present travail a pour objet d’appliquer les indices du confort thermique
comme le vote moyen prévisible PMV (The predicted mean vote), le pourcentage de
personnes insatisfaites PPD (The predicted percentage dissatisfied) et des criteres de
confort thermique local pour [’évaluation des parametres du microclimat dans la
chambre formée par les parois endommagées.

Les mots-clés: confort thermique, vote moyen prévisible PMV (The predicted mean
vote), pourcentage de personnes insatisfaites PPD (The predicted percentage dissatisfied),

zone endommagée; critéres de confort thermique local

Abstract. The purpose of this paper is to apply the indices of thermal comfort such as
predicted mean vote (PMV), percentage of dissatisfied PPDs, and local thermal comfort
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criteria for the assessment. parameters of the microclimate in the chamber formed by the
damaged walls.

Keywords: thermal comfort, predicted mean vote (PMV), percentage dissatisfied PPD
(predicted percentage dissatisfied), damaged area; local thermal comfort criteria

1. Introduction

Auparavant, les auteurs de cet article ont examiné les changements des
paramétres de microclimat dans la chambre, qui est formée par les parois
endommagées en utilisant la méthode d'estimation de la température de l'ambiance
intérieure [8, 9]. Les indicateurs de confort thermique PMV, PPD et les critéres de
confort thermique local qui permettent a évaluer des parametres du microclimat pour
la chambre choisie n’étaient pas considérés dans les travaux mentionnés. En outre, les
limites de la réduction possible de la température de l'air intérieur dans la piece, en
fonction du pourcentage de la zone endommagée n’étaient pas définies.

Nous avons focalisé 1’attention sur les objectifs suivants dans cette étude:

- évaluer les paramétres du microclimat dans la piece, qui possede les parois
endommagées selon les indicateurs de confort thermique: PMV, PPD et des critéres de
confort thermique local;

- déterminer les limites de la réduction possible de la température de l'air
intérieur dans la piece, en fonction du pourcentage de la zone endommagée de la paroi
extérieure, de l'activité motrice de I'homme et de la résistance thermique du vétement.

2. Les données initiales

Cette étude est basée sur la méthode de calcul [1] visée a prévoir et évaluer le
microclimat dans la chambre et ’influence de ce dernier sur 1’état général d’un
homme. La méthode est proposée par le docteur Ole Fanger (Centre International des
problémes de I’environnement intérieur et de I’énergie, L’Université technique du
Danemark) et validée par les normes internationales et ukrainiennes [2, 3]. La
technique de la méthode est basée sur les sensations thermiques humaines qui sont
liées a 1’équilibre de chaleur. Ayant étudié les normes [2, 3] nous avons trouvé les
exemples ou on considere les conditions d’activité vitale, qui sont liées a la réalité et
en méme temps permettent d’évaluer les paramétres du microclimat et leur influence
sur 1’¢tat général humain dans les conditions particulieres. Ayant consideré
I’experience des investigations internationales et ukrainiennes [4, 5, 6, 7, 12] nous
pouvons constater que le domaine d’application de cette méthode peut étre élargi.

La méthode est basée sur D’approche connue dans la physiologie de
thermorégulation. Cette approche considere les sensations générales humaines qui sont
lices a 1’équilibre de chaleur du corps entier. Si la production de la chaleur excede les
déperditions on observe le réchauffement du corps ce qui provoque les sensations
«chaudy, «treés chaud» etc. Et au contraire le processus de refroidissement est caractérisé
par les sensations «froid», «tres froid». Les rapports de 1’équilibre mentionnés sont décrits
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par les équations, qui établissent la liaison entre les valeurs suivantes: la production de
chaleur par le corps (I’activité physique humaine), les propriétés isolantes du vétement, la
température de I’air, la température de rayonnement moyenne des surfaces orientées a
I’intérieur, la vitesse du mouvement du vent, I’humidité relative de I’air. On calcule la
température de la surface du vétement et le coefficient de convection au cours de la
résolution des ratios d'équilibre par la méthode d’itération. Au cas ou nous disposons les
résultats des mesures et (ou) des calculs de ces valeurs, nous pouvons prévoir les
sensations thermiques humaines ayant n’importe quel régime de température. Pour cet
enjeu nous utilisons la formule de Fanger et les calculs du vote moyen prévisible PMV
(The predicted mean vote). Le PMV mesure la perception de la température. C’est le
score moyen obtenu pour un groupe de personnes important sur une échelle en sept points
qui détermine la température pergue. Le diapason des estimations se varie de +3 a -3, ou -
3 correspond a la sensation «froide» et +3 — «brllante». Le score idéal est 0, soit une
température percue comme neutre, en équilibre thermique avec le corps humain. Cette
méthode permet de calculer les valeurs de PMV avec la partie décimale dans les limites
mentionnées. L’indice PPD établit une prévision quantitative du pourcentage de personnes
insatisfaites thermiquement, susceptibles d’avoir trop chaud ou trop froid. L’indice PPD
est calculé a partir de I'indice PMV. Un niveau de confort est considéré comme
acceptable lorsque 80% des personnes sont satisfaites thermiquement. Cette valeur
correspond a un indice PMV entre -0,5 et +0,5. Il est important que lorsque la température
moyenne pergue d’un groupe est neutre (PMV), le postulat prédictif du pourcentage
d’insatisfaits (PPD) s’¢léve a 5%. En raison des différences individuelles, il est impossible
de créer une ambiance thermique qui satisfasse tout le monde.

Nous avons admis les données initiales suivantes pour la prévision des indices
du confort thermique et des critéres du confort local thermique dans la chambre avec
les parois endommagées pour la période hivernale:

— l'activité motrice de 'homme moyen de masse 70 kg et de la hauteur 1,7 m
fait 70 W/m? ou 1,2 (travail sédentaire (bureau, école, laboratoire)) [3];

m*-K

— la valeur vestimentaire pour la période donnée — 0,11 ou 0,7 clo

(sous-vétement, T-shirt, pantalon 1éger, chaussettes 1égéres, chaussures) [3];

— la température moyenne de l'air dans les batiments résidentiels et publics
peut se varier entre 16°C a24°C;

— la température de rayonnement moyenne (la température sur les surfaces
intérieures des parois externes, sur les objets qui se trouvent dans la piece) peut se
varier entre 16 °C et 24°C;

— la température moyenne de radiation (la température sur la surface des
appareils du systeme de chauffage) peut se varier de 28°C a 105°C en fonction des
paramétres climatiques externes;

— la vitesse de l'air intérieur en l'absence et en présence des systémes de
ventilation mécanique double flux est variable entre 0 % et 0,5 %;

— T'humidité relative de l'air intérieur fait de 30% a 60%.
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3. Présentation du contenu général et ’analyse

Les calculs présentés ci-dessous nous avons admis les limites de variation des
parametres du microclimat selon les calculs [8, 11] et d’aprés la méthode de
détermination des indices PMV, PPD et des critéres du confort thermique local [2, 3]
en tenant compte la zone endommagée de la paroi extérieure.

En général le calcul peut étre exprimé par le systéme des équations (1), qui
permettent de calculer les valeurs PMV, PPD, des critéres du confort thermique local
et la température prévisionnelle de 1’aire intérieure dans la chambre formée par les
parois des types différentes en tenant compte le taux des défauts du mur extérieur

xendom :

PMV:f(M, WL, ft,t,v., p., htj
PPD = f(PMYV)
PD=f(t,, At,,, At,,) e

t/ _ Qb '(tint _text) +1

int endom ext
b

. , ) /4 . C .
ou M - le ratio de métabolisme, —-; W - la puissance mécanique efficace,
m

2

m VI}K ; fv— le facteur de la surface vestimentaire; ¢,

—; 1, - isolation vestimentaire,
m

- la température de ’air, °C; ¢, - la température moyenne de radiation, °C; v, - la

vitesse relative de l'air intérieur, —; p, - la pression partielle de la vapeur d'eau, Pa;
N

h, - le coefficient convectif du transfert de la chaleur, ; t, - la température de la

m? - K

surface vestimentaire, °C; ¢, - la température du plancher, °C; Ar, - I’asymetrie
radiante, °C; Ar,, - la difference de températures verticale entre la téte et les pieds,
°C; @, - les déperditions totales de la chaleur de la chambre sans la zone

endom

endommagée, W ; O, - les déperditions totales de la chaleur de la chambre avec
certaines zones endommagées, W ; ¢, - la température intérieure déterminée, °C; ¢

ext
la température extérieure déterminée pour la saison hivernale, °C.

Les tableaux 1, 2 et les figures 1, 2 présentent les résultats de la résolution
complexe de I’équation (1) visant a obtenir le vote moyen prévisible PMV et le
pourcentage de personnes insatisfaites PPD en fonction du taux des défauts de la paroi.
Les données obtenues prouvent la possibilité de survenance du moment ou la personne
se sent en inconfort thermique.
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Tableau 1
Le vote moyen prévisible en fonction du taux des défauts de la paroi
La température moyenne de 1’air dans la chambre, °C
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Selon le vote moyen prévisible (PMV) nous déterminons la catégorie du milieu
thermique nécessaire d’apres [2, 3], et on constate que:

a condition de la présence de la zone endommagée seulement du mur
extérieur (Fig. 1a), du mur extérieur avec la fenétre installée (Fig. 1b), des
quelques parois des types différentes et de la zone endommagée du mur
extérieur avec la fenétre installée (Fig. 1c), du changement du taux des
défauts du mur extérieur 0<x, , <1, du changement de la vitesse de 1’air

endom

intérieur 0<v,, <0,5 - les valeurs du vote moyen prévisible sont comprises
dans une plage -1,04<PMV<-28, ce qui correspond a la classe la plus
inférieure de I’ambiance thermique nécessaire — C.

Selon le pourcentage de personnes insatisfaites (PPD) nous déterminons la
catégorie du milieu thermique nécessaire d’aprés [2, 3], et on constate que:

a condition de la présence de la zone endommagée seulement du mur
extérieur (Fig. 1a), du mur extérieur avec la fenétre installée (Fig. 1b), des
quelques parois des types differentes et de la zone endommagée du mur
extérieur avec la fenétre installée (Fig. 1c), du changement du taux des
défauts du mur exterieur 0<x, , <1, du changement de la vitesse de 1’air

endom
intérieur 0<v, <05 - la valeur du pourcentage de personnes insatisfaites
fait PPD > 27,91, ce qui aussi correspond a la classe la plus inférieure de
I’ambiance thermique nécessaire — C.
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Fig. 1. Le vote moyen prévisible (PMV) en fonction du taux des défaux de la paroi
a) a condition de la présence de la zone endommagée seulement du mur extérieur [8]; b) ) a condition de la
présence de la zone endommagée du mur extérieur avec la fenétre installée [11]; c) a condition de la présence
des quelques parois des types differentes et de la zone endommagée du mur extérieur avec la fenétre installée

[11]
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Tableau 2
Le pourcentage de personnes insatisfaites (PPD) en fonction du taux des defauts de la paroi
La température moyenne de I’air dans la chambre, °C
La vitesse de I’air,
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Pour évaluation du confort local thermique on utilise les données [8, 11], qui
sont représentées dans le tableau 3.

Tableau 3
Les températures éstimées sur les surfaces des couches de parois avec la zone endommagée

L’épaisseur d'un mur avec la zone endommagée, mm

Les valeurs de température sur les surfaces
des couches du mur 540 mm 530 mm 520 mm 510 mm

La température sur la surface intérieure du

/o 13,68 13,58 13,49 13,39
mur, 7,, C

Ayant ces resultats nous avons la possibilit¢ d’évaluer le confort local
conditionné par I’asymetrie radiante Az,., °C. L’indice d’un inconfort local est dans

une plage comprise entre 1,18 % <PD<1,3 % (nous avons admis la température sur les
surfaces intérieures des parois équivalentes a la température de 1’air intérieur). Ayant
ces valeurs de PD, selon [2, 3], la catégorie de I’ambiance thermique nécessaire
correspond a A. Par ailleurs il faut comprendre que la valeur de 1’asymétrie radiante
pour la categorie A se varie entre 0<Az, <9. En plus on ne tient pas en compte la

valeur de température de I’air intérieur pour déterminer la valeur de 1’asymétrie

radiante. Cette approche ne succéde pas a I’estimation correcte de [’état du
microclimat comme un parametre particulier.
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Fig. 2. Le pourcentage de personnes insatisfaites (PPD) en fonction du taux des défaux de la
paroi: a) a condition de la présence de la zone endommagée seulement du mur extérieur [8]; b) a
condition de la présence de la zone endommagée du mur extérieur avec la fenétre installée [11]; c) a
condition de la présence des quelques parois des types differentes et de la zone endommagée du mur
extérieur avec la fenétre installée [11]

Conclusions

Ce travail révele les questions de la prévision et de 1’évaluation des paramétres
du microclimat en utilisant les indices du confort thermique PMV, PPD et des critéres
de confort thermique local dans la chambre formée par les parois endommagées. Les
données analytiques obtenues prouvent que la survenance du moment ou la personne
se sent en inconfort thermique est possible dans le batiment avec les parois
endommageées. Les conclusions et les recommandations générales sont suivantes:
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- la méthode de calcul [2, 3] peut étre utilisée pour la prévision et
I’évaluation du microclimat et de son influence sur 1’état de personne dans
la chambre avec les parois endommagges;

- les données de calcul de I’évaluation des indices PMV, PPD 1 PD prouvent
la possibilité de la réduction du confort thermique dans la chambre avec
les parois endommaggées;

- les données de prévision des indices PMV, PPD nous montrent qu’a la
température de D’air intérieur qui fait20 °C et a condition que

m m . . N , .
0—<v, <0,5— les sensations humaines correspondent a la catégorie de la
N N

chambre — C. L’apparition et la croissance de x

endom

amplifient cette

sensation. Méme si selon I’indice PD nous obtenons la classe A - au cours
de I’évaluation complexe il correspond a la classe la plus inférieure de
I’ambiance thermique nécessaire.

Bibliographie

[1] Fanger P.O. et al. Thermal comfort. Analysis and applications in environmental engineering
//Thermal comfort. Analysis and applications in environmental engineering. — 1970.

[2] EN ISO 7730:2005, IDT Ergonomics of the thermal environment - Analytical determination and
interpretation of thermal comfort using calculation of the PMV and PPD indices and local thermal
comfort criteria.

[3] DSTU B EN ISO 7730:2011 Ergonomics of the thermal environment. Analytical determination
and interpretation of thermal comfort using calculation of the PMV and PPD indices and local thermal
comfort criteria.

[4] JOOSSTENS F., ITARD L. Building Management for a Good Indoor Climate and Low Energy
Use.

[5] Leksin A. G. 1 dr. Application of PMV and PPD indices to predict how metro passengers evaluate
the grade of thermal comfort or discomfort in different température conditions // Gigiena i sanitarija. —
2014. —T.93. — Ne. 3.

[6] Belikov A.S. et al. Modelling and optimization of micro-climatic conditions and parameters of the
life support systems of buildings //Dnipropetrovs’k, Ekonomika Publ. — 2013.

[7] Golyakova L.V. et al. Microclimate in premises with local heat dissipations: monograph //
//Dnipropetrovs’k, PSASeA. —2016.

[8] Petrenko, V., Dikarev, K., Volchok, D., & Kuzmenko, O. Estimation of indoor températures on
condition that building envelope is damaged //Revista Romana de Inginerie Civila. — 2017. — T. 8. —
Ne. 1. -P. 36.

[9] Petrenko V.O., Petrenko A.O., Golyakova 1.V. Factors influencing the microclimate in the
premises, which has a building faults and HVAC systems //Stroytelstvo. Materyalovedenye.
Mashynostroenye. Seryia: Starodubovskye chtenyia. —2016. — Ne. 93. — P. 286-291.

[10] Sulin A.B. et al. Indices of thermal comfort // St-Petersburg.: ITMO University, 2016. 36 p.

[11] Petrenko, V., Dikarev, K., Volchok, D., & Kuzmenko, O. (2018). Evaluation of indoor
température for various building envelopes damaged. In E3S Web of Conferences (Vol. 32, p. 01019).

[12] Schumacher, R., W. A. M. Wortel, and P. A. Wieringa. "Human factors in thermal indoor climate
and therma comfort." Conference on human decision making and manual control, Lyngby, June 25-27,
2001. Orsted DTU, Automation, 2001.

300



Revista Romana de Inginerie Civila, Volumul 9 (2018), Numarul 3 © Matrix Rom

Prof/trac project — improving skills for successfully
designing, constructing, renovating and operating nearly
zero energy buildings

Andrei Vladimir LITIU!, Tiziana BUSO?, Anita DERJANECZ?,
Carmen Luminita CUC?, Ioan Silviu DOBOSI*, Adrian RETEZAN?®

S.C. PRODAO-ING S.R.L./KTH Royal Institute of Technology, ’REHVA, Romdnia
’S.C. PRODAO-ING S.R.L. Romdnia, *S.C. DOSETIMPEX S.R.L.,Romdnia
? University "Politehnica” Timisoara, Romdnia

Abstract:

Nearly Zero Energy Buildings (nZEB) construction and renovation require a large
contribution from the building sector and is a challenge for the construction industry. It
requires innovative design processes and technologies based on an integrated design
approach and multidisciplinary team work. This approach is not yet common, as the
building sector still works in a fragmented process. PROF/TRAC provides a solution to
overcome this barrier by offering an Open Training Platform and Qualification Scheme
for Continuing Professional Development for professionals in the building sector. This
platform targets technical experts, architects and building managers involved in nZEB
design, construction, renovation and operation.

Keywords: nZEB skills, design, construction, maintenance, continuing professional
development.

Rezumat:

Construirea si renovarea Cladirilor cu consum de Energie aproape Zero (CEaZ) necesita
o contributie considerabila din partea sectorului de constructii civile si reprezintd o
provocare pentru industria constructiilor.

Sunt necesare procese de proiectare si tehnologie inovative bazdandu-se pe o abordare de
proiectare integrativa si munca multi-disciplinard in echipd. Aceasta abordare incd nu
este uzuala deoarece sectorul constructiilor civile lucreaza intr-un proces fragmentat.
PROF/TRAC prevede o solutie pentru a depasi acest obstacol oferind o Platforma de
Pregatire si un Sistem de Calificare deschise pentru continuarea dezvoltarii profesionale
a practicienilor din sectorul constructiilor civile.

Aceasta platforma tinteste experti tehnici, arhitecti si administratori de cladiri implicati
In proiectarea, construirea, renovarea si exploatarea CEaZ.

Cuvinte cheie: nZEB abilitati, proiectare, constructie, intretinere, dezvoltare
profesionald continud.

1. Overview
The PROF/TRAC European Qualification Scheme on nZEB skills aims at
overcoming market barriers towards a successful design, construction, renovation and
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operation process of nZEB. It targets professionals with a higher education degree in
the construction sector, the so-called white-collars.

The qualification scheme is the outcome of an intensive consultation among
national experts in PROF/TRAC partner countries. This work resulted in the definition
of:

» Harmonized work fields;

* nZEB skills;

* nZEB skills levels;

* Description of qualifications across Europe.

This framework constitutes a solid basis to compare the nZEB skills requested
to different professions and to the same profession from one country to the other.

Defining and targeting specific professions at the European level is still
difficult. On the one hand, a specific profession can fulfil different tasks in different
countries; on the other hand, definitions of professions differ from country to country
and some professions are not defined at all outside national borders.

For overcoming this fragmented EU situation, PROF/TRAC grouped
professions per work field. Seven work fields were identified, and for each of them
reference professions were selected.

Work fields and corresponding reference professions are described on task
basis, to facilitate a transparent and harmonised understanding as presented in Table 1.

Table 1
Work fields and reference professions targeted in PROF/TRAC
Qualification Scheme

Work field Reference profession(s)
within the work field
Architecture Architect
Civil engineering Structural Engineer

Civil Engineer
Construction Engineer

Mechanical engineering Mechanical Engineer
Energy Engineer
Building Automation Engineer
Electrical engineering Electrical Engineer
ICT Engineer
Construction management Project Manager

Cost Expert, Cost Engineer
Manager of Building Process

Building management Facility Manager
Technical Energy Engineer
Financing and procurement Procurer

Chief Procurement Officer
Project Developer
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2. The Qualification Scheme

The Qualification Scheme answers to the need of defining and mapping nZEB
skills in a harmonized way across work fields.

The scheme lists the essential technologies and skills required for professionals
dealing with nZEB, categorized in four areas of expertise as shown in Figure 1:

* Energy Management (EM)

* Energy Production (EP)

* Energy Reduction (ER)

* Interdisciplinary Skills (IS)

For each technology and interdisciplinary skill, a precise description of
recommended competences is also provided.

These specific competences, here named as “qualifications”, describe in more
detail the needed knowledge, skills and behaviour of a professional in nZEB.

Of course, not all professions are expected to have the same skills and
qualifications levels for all the identified nZEB technologies. Thus, PROF/TRAC has:

« Established skills levels, with assigned scores from 0 (min.) to 5 (max.);

Set-up recommendations about the minimum skills level for each work field per
skills and qualifications.

It should be noted that the current list of technologies, skills and qualifications
1s the result of the consultation with nZEB experts within PROF/TRAC consortium.

With the disclosure of this qualification scheme to other experts and
considering the fast technological progress of the energy performance of buildings
market, this list is expected to extend.

2. nZEB skills recommendations

Based on national skills mappings and experts’ consultations, PROF/TRAC
defined minimum skills levels per work field for each nZEB technology and
interdisciplinary skill described in the Qualification Scheme. A selection is illustrated
in Figure 2, Figure 3, Figure 4, Figure 5.

By cross-referencing PROF/TRAC EU skills levels recommendations per work
field and skills levels recommendation per qualification, PROF/TRAC offers a EU
harmonized nZEB skills mapping tool.
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Figure 2 nZEB skills levels Figure 3 nZEB skills levels

These scores represent the minimum recommended nZEB skills levels for the
listed skills and refer to the reference professions representative of the work fields.

These recommendations can be adapted to the national level situation and
needs. Depending on the competences (i.e. the “qualifications”) required for a defined
profession in a specific country, the PROF/TRAC suggested minimum skills levels
may be adjusted higher or lower.
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Figure 4 nZEB skills levels Figure 5 nZEB skills levels

305



Andrei Vladimir Litiu, Tiziana Buso, Anita Derjanecz, Carmen Luminita Cuc, Ioan Silviu Dobosi, Adrian Retezan

3. Outcome

The PROF/TRAC team finished a successful 3-years project in February 2018
with many achievements to be proud of. The project outcomes were presented in a
successful event in Brussels on 20 February 2018, engaging many stakeholders in
interesting discussions.

PROF/TRAC project’s consortium developed a European Qualification Scheme
with minimum skill levels recommendations for the professions involved in the design,
construction, renovation, and operation of nearly Zero Energy Buildings. The scheme
offers a skills mapping methodology adaptable to each country, and a BUILD UP
Skills Advisory App for assessing skills and matching training needs with course
offers.

PROF/TRAC trained 128 certified trainers from 23 countries, who are now
ambassadors deploying the courses across Europe. The Train-the-Trainer course is
published as recorded webinar series available to all experts along with the open
Training Material Repository collecting materials for courses.

The certified PROF/TRAC ambassadors organised several courses in Europe
and have trained 1,389 professionals in 3 years.

PROF/TRAC courses will roll-on also after the project. REHVA member
associations are committed to keep up the trainings, at least 50 courses are foreseen in
the next 5 years with 1.700 more professionals to be trained.

In coincidence with the Project's closure, the PROF/TRAC website
(www.proftrac.eu) has been updated for facilitating the use and dissemination of the
Project's results and to foster its after project life. The new design and content structure
will help the viewers to identify useful information e.g. the complete list of Certified
Training Providers, the Qualification Scheme, the nZEB skills recommendations and
to access training material e.g. the online Train-the-Trainers course, the Training
Material Repository.

Bibliografie:

PROF/TRAC Project: Open Training and Qualification Platform on NZEB construction and
renovation. The project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No. 649473. (http://proftrac.eu/opentraining-platform-
for-nzeb-professionals.html)
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Résumé. Le but de travail consiste en représentation de ['influence des données initiales
indéfinies sur la conception des systémes. Nous proposons d utiliser les ensembles flous
comme |’ ambiguité. En guise de [’objet de calcul nous utilisons la ferme complexe.

Les mots-clés: ferme complexe, les données initiales indéfinies, les nombres flous

1. Introduction

Au cours du développement d'un prototype de construction le concepteur est
obligeé de spécifier les cibles et les données initiales en termes: le poids de construction
doit étre "approximativement égal a V", la température ou la charge est "a peu pres
une telle ou une autre valeur", ou "un peu plus / moins" etc. Telles formulations des
taches de conception pour l'analyse ou l'optimisation des constructions sont assez
extraordinaires. Actuellement la présence de n'importe quelle ambiguité provoque le
recours a la théorie des probabilités. Cette théorie est appliquée dans le domaine du
génie civil [1] et elle est juste dans le cas de présence d'informations statistiques
suffisantes et de la description de la modalit¢ du type "accidentellement". Dans
d'autres cas il est raisonnable de considérer les autres types d'ambiguité, comme "
I’incertitude " et "I’imprécision ". Dans ce travail la théorie des ensembles flous [2, 3]
est appliquée. Nous avons prévu les étapes suivantes pour la simulation: la
phasification, I’analyse ou I’optimisation et la dephasification.
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2. Le probléeme

Supposons que nous avons un systéme ¢lastique a barre articulée déterminé
statiquement (STAS) avec n ¢léments et m noeuds. La charge extérieure F;; j= 1,2,...k

est appliquée aux k noeuds du STAS. Les paramétres géométrique et physique du STAS sont
connus. Les aires de surface des sections des éléments A4.; i =1,2,...,n vont étre déterminées

a partir de la condition de la robustesse ; de la stabilité et d’un volume donné de construction
V,, ainsi que de I’assurance du déplacement maximal v (vertical ou horizontal) d’un noeud

certain ¢. De la condition de robustesse nous définissons des régions de solutions
admissibles:

Q,={4,4" < 4 <}, (1)
R,,N.>0;
@R, N, <0;

N, - I’effort dans I’élément i du STAS sous ’action de la charge exterieure; ¢ - le

ou 4°=|N|/R’; Rj:{

coefficient de flexion longitudinale; R, - la résistance calculée. Si les dimensions sont

limitées 4° < A4, < 4", larégion de solutions admissibles sera:

Q, = {Ai;(Aig’AiO) <4< Ai+}’

On peut decrire le déplacement maximal d’un noeuds ¢ a I’aide de I’intégrale de Mohr.
z N,N/,
v=>'D,/4; D, ===
i=l1

ou ﬁi- I’effort dans 1’élément i du STAS sous ’action de la charge égale a 1’unité et

appliquée au noeud 7, £ - le module d’élasticité.
Le probléme presenté ci-dessus on décrit sous forme d’un modéle d’optimisation:

N = D,
{Al. V }—arg{AglaxA ;7‘4 EQ}. (2)

Ce probléeme correspond au type des taches de distribution de ressources dans la
programmation mathématique. Pour sa résolution nous utilisons l'appareil des équations

fonctionnelles de méthode de programmation dynamique en forme discréte.

3. Programmation dynamique

On introduit la fonction de Bellman:

fi(d)= max 32

Asdy sy 4 Ak

En admettant que le proccessus de la prise de décision commence au "moment" k£ =1i et
se termine au "moment" & = n, donc I’état de valeur peut étre présenté par 1’expression:

di = zliAi; dl =V. “4)

k=i

)
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Conformément au principe de programmation dynamique optimale [4] on obtient
I'équation fonctionnelle de méthode:

ﬁ(di):mAax{%+ﬁ+l(di+l)}; i=nn-1,..1; (5)

fn+1 (drH—l) =0, di+l = di - liAi'

Les equations (4) et (5) nous montrent de la maniére inductive que:

Hi(Ai) = %"" fi+1(di _liAi) =

n-l
L N ©
i k=i A dl.—l,-Ai_zlkAk*
k=i+1

ou Ak* (k=1,2,...,n ) —les solutions optimales.
Ensuite ayant appliqué la condition nécessaire d'existence de I'extremum a la fonction
H,(A4,), nous recevrons:

dH(4) D, Di]

R A — O 7
d4, Ai2 (dl.* —[A )2 @
De I’expression (7) on obtient:
d’
Al =—— e i=1,2,..,n (8)
D1l
[+
Di
ou
d'=d,- L4 . ©
k=i+1
En tenant compte la condition (1) la solution optimale prend la forme suivante :
. AI.O, A,.O > A"
;= (10)
A, Al.o <A

On utilise les rapports (8) - (10) comme une base des calculs récurrents suivants de
décision optimale {Al.*}; i=1,2,...,N.
Tout d’abord on spécifie 1’approximation initiale Ai(k), sur la base de laquelle nous

214 J . . k+1 *
calculons les éléments de la résolution successive 4,“"" = A" : en correspondance avec des

1

formules (8)-(10) et des conditions d, =V, . La condition de fin du processus est:

n Di n Di
;g;l4ﬁkb ":E:A4ﬂk>

i=1 <g

n D - 7
Z A.(;{)

i=1

(1)

ou & >0 - I’exactitude donnée.

309



Baranenko Valeriy, Volchok Denys
4. Illustration de I'application de méthode

Nous avons choisi les caractéristiques géométriques et physiques suivantes /4 =5,
h=25wm h=3wm hh=4 ™M a=3 m b=3 wm, E=2.1-10Mlla, [0]=150MHa,

=06, P=10xH, t=3,V,=2.2- 107 4’ pour pouvoir présenter I’approche proposée a
I’optimisation de la ferme complexe (fig.1).

Fig.1. Ferme complexe statiquement détérminée et son systéme principal

Ayant ces données initiales nous avons calculé les efforts longitudinaux en utilisant la
méthode de remplacement des barres et la méthode des section [5]. En plus nous avons utilisé
le logiciel Lira et nous avons calculé les aires de surface des sections Al.* et le déplacement
horizontal v" du noeud 3.

Tableau 1.
L’effort dans la barre i calculée par la méthode analytique ou obtenue de la simulation

numérique, kN

L’effort N, N, | Ny | N, | N, | N, N, N, | N, | Ny, | N,
amﬁiigﬁg’em 5,463 |-5,917 | 4,261 [4,261 | -7,1 |6,428| 0,758 |-7,576 (7,443 | -2,557 | 6,818
Lira, kN -5,46 | -5,92 | 4,26 | 426 | -7.1 | 6,43 | 0,757 | -7,57 | 7,44 | -2,56 | 6,82
D10 5124 | 6.51 [4.324|4.324|9.375|8.348 | 0.06832 | 8.199 |7.914|0.9339 | 2.214
A°-107,m? | 6.07 | 6.574 |4.562|4.547|7.889(6.859| 0.808 | 8.418 |7.963| 2.841 |7.295

Le déplacement maximal horizontal du noeud 3 faits v = 0.882-107 4. Le nombre des

approximations ayant 1’approximation initiale {A,.*} =100 fait 27 itérations. Le diagramme

sur la figure 2 montre la dépendance entre le déplacement v* et la valeur V, . En utilisant cette

courbe il est possible d’évaluer la valeur du déplacement maximal de la construction pour V.
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v 107 as

12

10

1 2 3 4 5
107 A

Fig. 2. L’influence de la valeur ¥ sur le déplacement V'

5. Estimation de la valeur du déplacement du noeud a condition que le volume est
donné de la maniére imprécise

On s’interesse par le cas ou la valeur du volume V), dans le probleme (2) est donnée de

la maniére inexacte en utilisant les mots "approximativement égal a ...", "un peu plus /
moins", "environ" etc., sans la précision des chiffres.
La solution du probléme pareil est possible dans le cadre de la réalisation des étapes

suivantes de la modélisation imprécise: la phasification, I’analyse, la déphasification.

5.1. Phasification

La premicre étape consiste en description des données imprécises des quantificateurs
linguistiques a 1’aide de fonction d’appartenance des ensembles flous [2, 3, 5]. Pour la
détermination on va considérer la fonction d’appartenance de la forme triangulaire

x_z,xe[a,m]
m-—a
b—x -
/JA()C) =7 ,x €[m,b] )
b—m

0, Vx &[a,b],
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ou SuppA = [Z,I;] c’est le porteur de I’ensemble certain 4, a m - sa valeur modale, c-
a-d p,(m)=1. Pour I’exemple calculé on présume que le volume ¥, est un ensemble flou
A, qui est généré par la fonction x,(x) de (9) avec a=1.8; b=2.7 et 10 niveaux de
I’intervalle [O,l] avec I’espacement Ay =0.1

Le graphique de fonction ,(x) est représenté sur la fig. 3.

p(x) 1
0.8
0.6
0.4

0.2

0 x107°
1.8 2 22 24 26 28

o
Fig.3. Le volume en forme du nombre imprécis triangulaire, m?

0 01 02 03 04 05 06 07 08 09 1
=—+ + + + +—+ + + + +—+
1.8 1.84 1.88 192 196 2.0 204 208 212 216 2.2
09 08 07 06 05 04 03 02 01 O
+ +—+ +—+ +—+ +—+ + (13)
225 23 235 24 245 25 255 2.6 265 27

5.2. Optimisation

On calcule selon la procédure de programmation dynamique le déplacement maximal v’
pour chaque volume V| - les dénominateurs des composants de ’ensemble flou 4 de (13).

On obtient alors 1’ensemble flou B(u,v) (14), avec la fonction d’appertenance qui est
representée sur la fig. 4.
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H(x) 1

0.5

0.6
0.4

0.2

0
741077 o107 0.011

L

Fig.4. Le déplacement du noeud (en forme du nombre imprécis, 1) 3 dans la direction de
I’action de la force extérieure

L M 0 0.1 0.2 0.3 0.4

= + + + + +
— v, 001147 0.01108 0.01072 0.01040 0.01011

0.5 0.6 0.7 0.8 0.9
+ + + + + +
0.00985 0.00961 0.00939 0.00918  0.00900
1 0.9 0.8 0.7 0.6

+ + + + + +
0.00882  0.00862 0.00844 0.00826 0.00808
0.5 0.4 0.3 0.2 0.1 0

+ + + + +
0.00792 0.00776 0.00761 0.00746 0.00732 0.00719

B=

(14)

B |df - num|

A -100%

5.3. Dephasification

Cette étape vise a transformer le nombre imprécis (14) dans le nombre déterminé. Cette
operation peut étre réalisée par la méthode du centre [6]

21
*
DM,
f i=1

def __

Vo= , (15)
Z H;
i=1
ou par la méthode de B. Liu [2]
21
v = Zwivi*, (16)
i=1
Ou les facteurs de poids statistique sont calculés d’aprés I’expression
w, =w,(B, By B,);m=2M —1, (17)

313



Baranenko Valeriy, Volchok Denys

ou w :%(131 +4,—B,), pour i=1;w, =%(C0—DO+QO—S0), pour 2<i<m-1,;

=R B B s A= max B By =max 5 C, = max

1<j<m 1<j<m 1<j<i
Dy =max f3; S, max ﬂ 0, = max B;; B, =max f,; M~ le nombre des niveaux f;

I<j<i i<j<m

ogﬁjgl,ngSM.

5.4. Les resultats calculés

Selon la premiére méthode nous avons obtenu le chiffre v =8.845-107 m, selon la

“ =8.902-10°m. Ayant les valeurs déterminées de données initiales nous

deuxieme - v
avons obtenu V™ =8.82-107 m. Ainsi la présence du déplacement augmente la valeur du

déplacement.

6. Conclusions

1. Nous avons formulé la résolution du probleme de 1’évaluation du déplacement
maximal du noeud d’un systéme ¢lastique a barre articulée déterminé statiquement (STAS)
ayant la satisfaction des conditions de la robustesse ; de la stabilit¢ et d’un volume donné de
construction V). Nous avons appliqué la méthode de remplacement des barres pour I’analyse

de I’état de contrainte et la méthode de programmation dynamique pour 1’optimisation. On a
obtenu les estimations de la valeur du déplacement horizontal du noeud 3 en dépendance du
volume donné.

2. Ayant donné le volume de la construction de la maniére imprecise on a obtenu le
déplacement imprécis du noeud 3 avec la fonction d’appartenance correspondante. Les
résultats de dephasification ont montré la tolérance du systéme au parameétre indéfini donné.
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