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ABSTRACT

The manifestations of climate change are increasing with the days: sudden rains and
floods, lakes that evaporate, rivers that experience unprecedentedly low water levels, and
successive droughts such as the Tigris, Euphrates, Rhine, and Lape rivers. At the same time,
energy consumption is increasing, and there is no way to stop the warming of the Earth's
atmosphere despite the many conferences and growing interest in environmental
problems. An aspect that has not received sufficient attention is the tremendous heat
produced by human activities. This work links four elements in the built environment that
are known for their high energy consumption (houses, supermarkets, greenhouses, and
asphalt roads) according to what is known as the energy synergy to share them within a
thermal network independent of the national network. This research concluded that an
asphalt road with a length of 6 km is sufficient to heat more than 800 homes, in addition to
valuable benefits accrued by hot countries, such as maintaining the quality of the asphalt
layer, prolonging its life, and reducing traffic accidents. The supermarket, which needs
cooling every day of the year, can meet its energy needs for cooling in the winter by heating
the Greenhouse, while the heat flux is stored for each of the greenhouses and the
supermarkets for the rest of the year in the thermal tank (TESS).
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1. INTRODUCTION

The percentage of energy spent in buildings for heating purposes ranges from 50 to 75%,
while the rest is distributed to electrical appliances and lighting (Van de Kerckhove,
2019). (Rizwan et al., 2008; Harvey, 2011) pointed out that urban construction increase
temperatures above the surrounding rural and suburban areas. Also, satellites for infrared
and thermal activities have shown that pavements are strong heat radiation sources

(Gorsevski et al., 1998). Though new technologies are continuously developing to
accompanist existing current in making green buildings, the common goal is that greener
structures are designed to diminish the total effect by: first, efficiently using energy and
water, second: protecting inhabitant health and improving worker output, and third:
decreasing waste, contamination and ecological dilapidation (Kamas et al., 2019).
According to Stephen Hawking, if 100 bases are taken for the consumption of electrical
energy in 1900, the current consumption is 1300, meaning that the amount of electrical
energy consumed has doubled during the one century more than thirteen times.
Continuous population increase will turn the globe, due to the heat produced on its surface,
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into a red ball (Hawking, 2001). The other side of efficient use of energy is not studied
enough: that is less heat production. Existing heat networks work with high-calorific heat:
Temperatures around 900°C are used to heat buildings to 200°C, while modern facilities,
based on low-temperature underfloor heating, succeed with incoming temperatures of 30-
40 °C and passive houses can even work at 25°C - 30 °C (Kristinsson, 2012). Waste heat
remains in the city and results in heat islands. In a small country such as the Netherlands,
approximately 100 PJ of residual heat is estimated to be suitable for useful and sustainable
reuse. Reusing 100 PJ of excess heat will decrease energy demand from gas plants and
hence lead to a reduction of approximately CO, emissions by 3.6 M tons (Kampman,
2019). From the experience of many known Dutch projects in a supermarket with a central
cooling system with a capacity of 200 kW, 30% of the heat can be used with benefits. This
means saving 216,000 M] or about 6,800 m3 of natural gas annually (Bovenkamp, 2018).
From projects in Denmark: Super Bruges in Hgruphav, Denmark, can provide about 16
standard households of 130 m? annually with their heat needs (Wouter, 2018).

This research aims to create local networks by reusing residual thermal energy to fulfill
human needs, reducing energy production and CO, emissions that eliminate environmental
pollution.

2. RESEARCH METHODOLOGY

The Design-Builder simulation software is used in this work to simulate the energy flow in
the supermarket and the Greenhouse. Also, it is used to control the performance of
elements and functions in the selected houses and during upgrading to make them suitable
for temperature and heat. The software tool simulates models for heating, cooling, lighting,
ventilation, and other energy flows. The computational method is used to analyze the
asphalt layer thermally, then to thermally support the supermarket simulation. Fig. 1
shows the method used in this work.
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Figure 1. The method used in this work
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3. RESIDUAL THERMAL ENERGY SOURCES
3.1 Primary Energy Factors PEF

Approximately 100 PJ of residual heat in the Netherlands is estimated to be suitable for
useful and sustainable reuse. Reusing 100 PJ of excess heat will decrease energy demand
from gas plants and hence lead to a reduction in CO, emission by 3.6 M tons (Kampman,
2019). Heat engines can convert thermal energy into mechanical energy with a conversion
efficiency of up to 60%. Chemical energy can be directly converted into electricity using a
fuel cell. The most common fuel used in fuel cell technology is hydrogen. The typical
conversion efficiencies of fuel cells are 60%. The chemical energy stored in fossil fuels is
converted to usable energy via heat by burning, with an efficiency of about 90%. Unutilized
waste heat remains in the air and results in heat islands. One example of heat loss is shown
in Fig. 2, a series of heat losses between the energy production and consumption stage. All
this heat escapes to the surrounding space.

High-voltage
transmission line

Step-daown Step-down
transformer transformer
(substation) /

Figure 2. Energy losses

3.2. Flexible Energy Grid

Heat grids waste a lot of energy because they work with high-caloric heat. Based on low-
temperature floor heating, modern buildings can be heated with an incoming temperature
of 30-40°C, whereas passive houses can even function with a temperature of 25-30°C.
Besides, in our way to a world of sustainable energy, there is a need for a flexible energy
grid that can tune, exchange, and cascade heat through different scales, as illustrated in Fig.
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Figure 3. Energy cascade
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(Dobbelsteen, 2019) mentioned that the local exchange of (low-caloric) heat within
buildings and between buildings within an urban neighborhood or district is not very
common. Nevertheless, this strategy has great potential.

3.3. Disadvantage High-Temperature Asphalt Pavement
3.3.1. Urban Heat Island (UHI)

(Rizwan et al., 2008; Li and Harvey, 2011) pointed out that urban construction increases
temperatures above the surrounding rural and suburban areas. Also, satellites for infrared
and thermal activities have shown that pavements are strong heat radiation sources
(Gorsevski et al.,, 1998). Solar radiation is absorbed in heat through the pavement's
surface, then through the subsurface, and finally into the lower pavement layers. In the
European context, currently, 78% of Europe's population lives in cities, and 85% of the
EU's GDP is generated in cities. (European Union, sd). Modern cities are huge, compact
masses of heat-absorbing materials such as buildings and roads. Solar radiation increases
environmental temperatures, and residual heat passes into surfaces, indirectly impacting
the environment (Rizwan et al., 2008; Filho et al., 2017).

External surfaces of buildings, like walls and roofs, are always exposed to the atmosphere.
During sunrise, buildings and roads absorb a lot of heat energy and store it inside. After
sunset, this heat returns in a radiant form to collect in the upper atmosphere of the city.
Radiation is the heat transfer from a body under its temperature; it increases as the body's
temperature increases. It does not require any material medium for propagation. The
amount of absorbed solar energy transferred as heat inside a material's body depends on
the material's conductivity. Later, this heat is released to the surrounding area as infrared
waves through emission (Aletba et al., 2020). UHIs are one of the major challenges
currently faced by humans as a result of industrial urban development. It results from
artificial and climatic factors (Maria et al., 2013).

3.3.2. Deformation of Asphalt Road Pavement

The amount of solar radiation daily absorbed by Asphalt Concrete (AC) road surfaces is up
to 40 MJ/m? over summer days. The heat absorbed and transmitted by incident sun rays in
hot countries distorts and ripples the asphalt layer. The total energy that leaves the body
per unit area shown in Fig. 4 is known as Radiosity ] ( W/m?); it is evaluated as:

]:gEb +pG (1)
The various optical body properties are related such as (Kalogirou, 2014):

a+p+t=1 (2)
The opaque body absorbed energy due to the incident solar radiation such that (Duffie
and Beckman, 2013):

Q=Ga (3)
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where

G is the incident solar radiation (W/m?),

€ is the emissivity of the surface

Ep is the energy from a Black body (perfect absorber),
p is the reflectivity of the surface,

a is the absorptivity of the surface,

T is the transmissivity of the surface,

‘ Radiosityl 5

w P Absorb Radiate

& = h Incident
radiam
- energy

Reflected

Figure 4. Energy balance asphalt pavement

3.4. Advantages of Harvesting Heat Energy From Asphalt

Harvesting heat from asphalt pavements reduces the pavement's temperature and
prevents deformation. This action also reduces the radiated heat from the road surface to
the atmosphere (urban heat island). The harvesting process can be accomplished by water
flows in a road piping system. The hot water in winter can heat the covered area, thus
keeping the road free of snow and frost .This approach leads to a reduction in traffic jams
as well as the reduction in traffic accidents due to vehicle skidding.

4. CASE STUDY: LOCAL INDEPENDENT THERMAL ENERGY NETWORK
4.1 Description

The case study for this research is different architectural elements that are part of a
residential neighborhood. These components (a supermarket, a 6 km asphalt road, and 400
various types of dwellings) are independently connected to the national electric and
thermal power grid. Supermarkets and homes are major consumers of fossil energy, and a
large emission of CO, accompanies this. A supermarket needs cooling 24/7 to bring the
outside temperature to 4-7°C in the cooling displays or storage. A constant hot air flow is
on the cooling unit's other side. A fourth component greenhouse is added to reduce the
footprint due to the truck, which transports the fruit and vegetables twice a week (total
distance of 100 km/week). Traditional greenhouses are also major consumers of fossil
energy. Heat absorbed by asphalt contributes to the development of heat islands. The heat
deforms asphalt layers and thus reduces the lifespan. The 400 dwellings consume 9.651,74
GJ] /year.
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4.1.1. Current State of the Neighborhood

It is concerned with the following.

a- The supermarket, with the energy specifications given in Fig. 5 (Van der Hoeven,
2010)

Supermarket Gy, ans

Building related energy m m*:
* Gas 16m’ SOOMJ/ m?

* Electricity 278kWh 1002MJ/ m? + @-—’
Total 1502MY/ m? — Quent
39%

quu ip ® bake )

Qiight s
‘ . | —
' ' quSOH —_'Q'm

User related energy

* Gas ~0.03m* IMJ/ m?

* Electricity 797kWh 2870MJ/ m’ +
Total 237IMJ/ m*

61% q need r

Standard household: User related energy:
Buildmg related energy: * Gas450m’ 14.000MJ

* Gas 1200m’ 38.000MJ * Electricity 2900kWh 10.500MJ +
* Electricity S00kWh 1800MJ + Total 24.500MJ

Total 39.800MJ 38%

62%

Figure 5. The energy flows in the supermarket

b- Truck

The truck transports fruit and vegetables twice a week, a total distance of 100 km /week,
and consumes fuel of 40 Liter of benzene per week or 4 weeks *40 liter/week*12 months =
1920 liter/year. So the annual energy in GJ is:

1920 *33 =63,360 GJ

in which each liter has 33 M]

c- Asphaltlayer

6 km long, 6 m wide asphalt road, asphalt thickness 0,15 m absorbs 0.75 GJ/year, 600
Watts/m? from the incident solar radiation on average. Heat Island's contribution is:
6000*6*0.75 = 21.600 GJ

d- 400 Dwellings

d-1 250 Terraced Houses: Total consumption 250 dwellings = 5.065,74 GJ

d-2 50 Corner house: Total consumption 50 dwellings = 1.142 GJ
d-3 60 Semidetached houses: Total consumption 60 dwellings = 1.808 G]J
d-4 40 Detached houses: Total consumption 40 dwellings = 1.636 GJ

All of the 400 dwellings consume: 5.065,74+1.142 +1.808+1.636 = 9.651,74 GJ
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4.2. Dynamic Simulation

The goal of dynamic building simulation here is to balance the expected performance at the
building level, i.e., in terms of energy demand and energy production utilization. Energy
Plus is a thermal simulation software that allows energy analysis throughout the building
and the thermal load.

4.2.1 Analysis of Energy Flows in the Supermarket

The detailed building-related energy in the supermarket is shown in Fig. 5. The energy
parameters used in the simulation of energy in the supermarket are presented in Fig. 6.

The Greenhouse is more times sinudated with the parameters:
Dimensions are the samie like the supermarket

Interior climate: In accordance with the production requirements. the margin for temperature was set between 15.°C-
26.5°C. the indoor Relative Humudity 1s sct on 69%-75%

HVAC: The HVAC system s Fan coil unit - 4pipe - air cooled chiller) 1s considered to be responsible for heating. cooling
and (de)bumidifying to unify the results.

Ventilation: Natural ventilation 1s tumed off in the simulation.
Auxiliary energy is set on 0.75 Wy (On 24/7). This results in a total electricity demand of ~5500kWh'year,

Wall :The outer wall of the greenhouse are represented by 200 mm thick concrete walls, Walls are glazed for 90%
(horizontal strip). The remaining 10% resembles the facade structure that would be present in the actual greenhouse.

Roof : The roof is simulated by a 120 mm thick sandwich panel. The roof is then glazed for 100%. However. horizontal and
vertical dividers are manually added to the roof surface to resemble actual roof structure

Floor: i1 the model 1s resembled by a 150 mm

Openings: All openings in the greenhouse walls and roof are glazed with

Sumulation 1, T 58 Wik and 3.8 WmK

Simulation 2, TI: HR double glazing (Dbl LoE Spec Sel Clr 6mun/1 3mum Arg U=1,338 Winr k)
Simulation 3. TII tnple glass Lo E, dear. U=0.78 W/ K

Qi

Figure 6. The energy parameters used in the simulation of energy in the supermarket

The simulations run in Design Builder are based on the supermarket with dimensions: 46
m x 15.4 m X 2.9 m. Thermal resistance (R): floor= 4 m%2K/ W, wall=3,974 m?K/ W, roof=
5.88 m*K/W; RH 69% - 75%; Equipment: 2-3 ovens; Ventilation: mechanical. The
simulation result is shown in Fig. 7.
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Temperature, heat gain and energy consumption, Supermarket 2 Building 1

== air temperature w= operative Temp. w= outside dry bulb Temp.
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Figure 7. Simulation of monthly temperature in the supermarket, heat surplus over all
days of the year

The simulation of energy fluxes in the supermarket shows that the supermarket (at a
temperature around 21°C) requires constant cooling due to the large internal heat gains.
Even in January, the temperature rises above 26 °C when the outside temperature is 5-10
°C. The season, internal activity, and customer presence affect the cooling or heating
demand.

4.2.2. Analysis of Energy Flows in the Greenhouse

A truck transports fruit and vegetables to the supermarket from a greenhouse that is 25
km away from it. The emissions of a product truck are 112 grams of CO, per kilometer. It
has been assumed that the truck will cover a distance of 25 km 4 times a week. Per special
features of Greenhouse, (Kristinsson, 2012) confirmed that about 7 times more solar heat
enters the Greenhouse than leaves it due to transmission losses through improved heat
storage and exchange technology. It is now possible to use the excess heat that
greenhouses have in summer records compared to the rest of the year for other functions
to make available. The Greenhouse is, therefore, considered as an energy producer. As a
result, there is also a diversification in products. The net heat surplus from greenhouses
used for external functions is 3,000,000 M] per hectare greenhouse (Van Oosten, 2020).
(Kristinsson, 2012 ) designed closed Greenhouse with a double polycarbonate zig-zag
glazing developed by General Electric Bergen op Zoom with a heat transfer of 3.5 W/m?K.
The set point temperature in winter is 19 °C when the temperature outside is -11°C (At =
30 °C), and the Greenhouse should be heated with 30 x 3.5 = 105W/m?. Fig. 8 shows that
the maximum temperature reaches 57 °C when triple glass is used, which is 30 °C above
the desired temperature in the Greenhouse.
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Temperature, and heat gain

S—alr temperature eperative temperature — gatside dry bulb temsperature

Figure 8. Simulation of heating surplus in the Greenhouse from April until mid-October

4.2.3. Analysis of Energy Flows in the Asphalt Pavement

Dark surfaces absorb heat and do not reflect them much, so they heat up. Much of the
thermal energy falling from the sun on a dark surface, such as asphalt, will be absorbed
during the day and emitted toward the sky. The dark surfaces of asphalt pavements
incessantly absorb the heat from sunrise until late afternoon (before sunset) (Rizwan et
al,, 2008). The amount of energy that can be harvested from pavements depends on the
amount of solar radiation, the total area of the pavement, efficiency of the pavement-heat
exchanger system in transmitting the heat from the pavement to the fluid inside the system
of pipes. The amount of heat energy radiating from the asphalt (shown in Fig. 9) to the
atmosphere is determined by the difference in the temperature between the pavement
surface and the air, according to:

qr = &0 (Ts4 - T;ir) (4)

where

q, is the emitted radiation (W/m?2),

o is Stefan-Boltzmann constant = 5.68x10-8 W/(m?-K*);

T; is the surface temperature (K),

Tairis air temperature (K),

The emissivity of a body is defined as the ratio of the energy emitted by a real body to the
energy emitted by a black body. The emissivity for Asphalt pavements is considered 0.9.
The annual thermal gain per square meter of asphalt thickness 0.15 m is 0.75 GJ/ m?, and
80% is used for heating (Solaimanian et al., 1990)

4.2.4 Analysis of Energy Flows in the Dwellings
To reduce energy demand within the summer season, the waste heat can be used to reach
the required interior temperature in the houses, as shown in Fig. 10. Research; Reduce;

Reuse (waste material, waste heat, wastewater); Re-produce (from the kinetic and
electromagnetic energy electricity and thermal energy) is used.
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Figure 10. The stable temperature in the houses

5. ROLE OF 4-PARTNERS WITHIN THE THERMAL ENERGY EXCHANGE NETWORK

After the simulation of each of the 3 energy network partners: the supermarket, the
Greenhouse, and the 400 dwellings, and the calculation of energy flows in the asphalt
pavement, we now look at the position of each of them within the desired network. Which
of the 4 is an energy producer in winter and summer? We will connect each participant
initially to the thermal energy storage TESS.

11
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5.1 The Supermarket

The simulation of energy fluxes in the supermarket shows that the supermarket (at a
temperature that revolves around 21°C) requires constant cooling due to the large internal
heat gains. Even in January, the temperature rises above 26 °C. Thus there is a cooling
demand 24/7, every day of the year. The season, internal activity, and customer presence
strongly affect this cooling demand.

5.2 The Greenhouse

The greenhouse indoor temperature is maintained between 18.5 °C and 26.5°C. The
Greenhouse requires a lot of heating from 15 October to 15 April to remain above 18.5°C.
That depends on the type of glass, insulation, and degree of ventilation. The Greenhouse
produces a lot of thermal energy for the rest of the year.

5.3 The Asphalt Layer

The asphalt layer in the summer months and some weeks of the spring and autumn months
absorbs huge amounts of the sun's heat, which makes it qualified to be a third source of
thermal energy besides the supermarket and the Greenhouse. In this network in the
winter, the asphalt is a costumer of energy.

5.4 The 400 Dwellings

The dwellings need heat energy from 15 October to 15 April. They are adapted to reach the
level of Nearly Zero Energy Building ( according to the Netherlands standard ) to reduce
their thermal demand. This measure is necessary to benefit these homes from low-
temperature energy sources.

5.5 Closing the Circuit with ATES Systems

To close the circuit, we need a central element that combines the 4 units of the thermal
network and organizes the processes of supplying it with heat or cold according to the
season and need. This element is ATES. In ATES systems, two cold and warm wells are
drilled. In summer, groundwater is extracted from the cold well. It passes through a heat
exchanger to cool a building. The heat from the building is transferred to the groundwater,
which is then injected into the warm well. In winter, the reverse happens: warm water
from the warm well is extracted to heat the building. A heat pump is required to increase
the temperature of the stored water, usually with a maximum temperature of 25 degrees.
5.6 Energy Exchange between the Supermarket and the Greenhouse

The cooling energy demand of the supermarket is strongly affected by: the season, internal
activity, and number of customers. The cooling of the supermarket and heating of the
Greenhouse can support each other through energy exchange. It can be achieved by
activating the moment the indoor temperature of the greenhouse drops below 21°C. As a
result, the greenhouse benefits from the heat surplus of the supermarket, and the
supermarket benefits from the heat demand of the Greenhouse. Fig. 11 shows that the first
four months allow the possibility of thermal cooperation between the Greenhouse and the
supermarket, where there is a heat surplus compared to a heat shortage in the Greenhouse.
12
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In the following four months, April, May, June, and July, there is a high heat flux in the
Greenhouse. Another high heat flux is added in the supermarket for July and August. This
amount of heat can be stored for the next season. The thermal behavior of the first four
months is repeated in the last three months, where direct heat exchange between the
supermarket and Greenhouse is possible. In the coldest month, January, the supermarket
has a cooling demand of just 2.4 MWh. All the demand is therefore covered by retrieving
the cold energy from the Greenhouse, which has a heating demand of about 12 MWh. The
direct heat exchange between the supermarket and the Greenhouse is shown in Fig. 12.
The pre-processing based on the simulation results shows that 1/2 of the cooling demand
of the supermarket can be achieved by direct energy exchange with the Greenhouse.
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Figure 11. Energy exchange between the Greenhouse and the supermarket

5.7 Energy Exchange between the 6 km Asphalt Road + 400 Dwellings

The number of dwelling units (n) that can be heated by an asphalt road (6 km long x 6
meters wide) can be estimated. The annual thermal gain per square meter of asphalt is
0.75 GJ/ m? and 80% of this gain is used for heating.
If a household needs, on average, 1400 m>of natural gas for heating. 1400 m?® of natural gas
is 13.720 kWh = 49,32 GJ] thermal energy per unit.
The energy required for heating (n) units is the same energy given from the asphalt area
49,23 GJ.x (n) units = 6000m x 6m * 0.8 * 0.75 GJ/ m?

13
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Number of dwellings n= 438, 75 unit
Fig. 13. shows the heat exchange between the 6 km asphalt road and the 400 dwellings in

winter and summer.
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Figure 12. Heat exchange between the supermarket and the Greenhouse

wintex summex
NZED buildings NZEB bulldings
!V
- Heat Pump
=7
a

|
e
Aquifer ].‘ [ o4 Tomete
»e

Figure 13. Heat exchange between the 6 km asphalt road and the 400 dwellings

6. THE BENEFITS OF THE ADOPTED SCHEME

The indicated benefit of combined asphalte dwelling is presented in Table 1. While the
data given in Table 2 is related to the combination of the supermarket greenhouse.

14
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Table 1. The benefits of the adopted scheme of the combination Asphalt- Dwellings

Measured Profit Unit Value

Saving in thermal energy GJ 13.903
Saving on natural gas m?3 394.075
CO, saved: Kilo CO;, per year kg 701.455
Indirect Profit

Extend the life of the asphalt layer.

Reducing the possibility of deformation in the asphalt layer

Reducing the possibility of traffic accidents on the roads due to freezing on
the asphalt layer in winter

Contribute to reducing the intensity of traffic congestion due to freezing on
the asphalt layer in winter.

Reduce dependence on a centralized power grid.

Table 2. The benefits of the adopted scheme of the supermarket greenhouse

Measured Profit Unit Value
Thermal energy exchange "cooling." GJ 6392
Thermal energy exchange "heating." GJ 6392
CO, saved per year kg 5376
Indirect Profit

Reduces chances of the existence of heat island effects

Cancellation of truck necessary for export fruit and vegetables to supermarket
Reduce dependence on a centralized power grid

7. CONCLUSIONS

Projects to exploit heat waste from industry, hospitals, and markets for heating have been
successfully implemented in many countries inside and outside Europe. These projects
remain selective and depend on the existence of special buildings such as a hospital,
factory, or data center. Not every neighborhood has a hospital, factory, or data center; in
every neighborhood, there are asphalted streets, residential houses, and supermarkets.
Four partners are connected in this research: A greenhouse; 400 residential buildings,
year-round climatized by low-temperature heating; A supermarket with a year-round
cooling demand; 6 km Asphalt pavement. These four functions together form the rectangle
representing the independent thermal energy system established in this research.

This solution can be applied in all countries as long as it can be applied in Europe with little
solar power. Implementing this approach ensures every neighborhood can take the energy
it needs, completely independent of the central grid. An essential element of such a project
is the early and long-term coordination of the plans for the reconstruction of the city or
part of it because the main point behind it is the idea of building energy synergies. Using
waste heat in this small neighborhood results in lower annual gas consumption reduction
of CO, emissions.
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