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Factors that impede the development of the Arctic are: 1) long frosts; 2) low quality of indoor air;
3) an unsanitary surroundings due to low activity of biota; 4) deficiency of fresh vitamin-containing
food; 5) high dependency of settlements on external supply. The concept of the Arctic Ecological-
Energy Autonomous Dwelling (AEEAD) designed to solve the problems is grounded on: 1) the
optimal configuration of housing and heat savings; 2) closure of the flows of substances, 3) the use of
autonomous energy sources.

To ensure energy savings and maintain a high quality of life air revitalization is required. Air
revitalization is provided by household greenhouses, which perform additional functions — heating
the living quarters, lighting it, moistening the winter overdried air, growing food, decorating house
interior, providing psychological support. New technologies for growing a variety of plants and
organic wastes decomposition are discussed.

Energetic autonomy is provided by means coupling wind generator with high-heat accumulators based
on cheap solid heat-storage materials coupled, in its turn, with Stirling engine/electrical generator
unit. Due to “macro-composite” structure of heat exchanger it can be achieved: almost zero heat loss
in the absence of thermal insulation,; a significant stabilization of the temperature at the output of the

thermal battery, over the whole period of the discharge.
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ABTOHOMHBIN U IKOJIOIMYeCKH KOM(POPTHBIH THII JKUIbS

JJISl OCBOCHUSI APKTHKH

C.U. bapues, A.I. Jlerepmenxxu,

B.A. Oxonun, A.A. Tuxomuposn

Hucmumym ouoghuzuxu CO PAH

@UL] «Kpacnosapckuii nayunsii yenmp CO PAH»
Poccus, 660036, Kpacnospck, Axademeopoook, 50/50

Dakxmopamu, nPensimcmaylouuMu 0C80eHUuI0 Apkmuku, sensomces.: 1) onumenvhvie MOpo3bl; 2) HU3KOe
Kauecmeo 6030yxXa 6 nomeujenuu; 3) anmucaHumapnoe coCmosHue OKOI0 HCUTUNY 6CIEOCMEUE HUZKOT
akmusHocmu 6uomul; 4) depuyum ceesiceil guMaMuUnoOcooeprucauteti nuwl, 5) GblCOKAsL 3A6UCUMOCHLb
nocenenutl om eHewHux nocmagok monausa. Konyenyus Apkmuueckoeo Ikonoeo-nepeemuiecko2o
Asmonomnoco Kuavs (ADDAK), paspabomannas ona pewienus mux npooiem, OCHOBAHA HA:
1) onmumanvHou KoHueypayuu cmpoenuil u coxparenuy menia, 2) 4acmudnom 3aMolKAHUU NOMOKO8
sewecms; 3) UCNONb308AHULU ABMOHOMHBIX UCHLOYHUKOS IHEPSULL.

s obecneuenus IKoHOMUU dHEPSUU U OOHOBPEMEHHOZ0 NOOOEPAHCANUSL BbICOKOZO KAYECBA ICUZHU
mpebyemcsi pegumanuzayus ammocghepot 6 nomewenusx. Pesumanuzayus 6030yxa obecneuusaemcst
OBIMOBGLIMU TMENTUYAMU, KOMOPbIE 8bINOIHAION OONOIHUMENIbHbIE QVHKYUU — HAZPEeBAIOm JCUIbLE
NOMEWEHUSL, OCEBCUJAIONL UX, VEILANCHSIOM 3UMHULL NePeCyUeHHbLI 8030VX, NPOU3E00SIM PACTIUMETbHYIO
nUWy, yKpaularom unmepvep noMeujeHusl, co30aeds 61a2onpusimmuylo NCUX0N02ULeckyio 00CmMaHo8KY.
Obcyacoaromes Hogble MEeXHOIO2UU 8bIPAUUBAHUS PA3TUYHBIX PACMEHUI U PA3LONCEHUS OP2AHUYECKUX
0mx0008.

DHepeemuueckas asmoHoMusi obecneyugaemcs ¢ NOMOWbIO 8eMpPOLeHepamopd, CONPANCEHHO20
€ BbICOKOMEMNEPAMYPHLIM — MENI08bIM — AKKYMYASAMOPOM HA  OCHOBE  OeueBblX NPUpPOOHbIX
Menio3anacanuux Mamepuaios, CONPs’CEHHbIM, 8 CEOI0 ouepeddb, ¢ 0gueamenem Cmupaunea. M3-3a
CMAKPOKOMNOZUMHOIY CIMPYKIMYPbL MENI000MEHHUKA MOdcem Oblmb 00CMUSHYma no4mu Hynieéas
nomepsi menia npu OMCymcemeuy MenioU30IAYUY U SHAYUMELbHAL CMAOUTU3AYUS MEMNEPAnypPbl Ha

8b1X00€ MENN0BO2O AKKymysmopa.

Kniouesvle cnosa: onmumanvhoe apKkmu4deckoe srcuiuuge, apkmudeckas cucmema 0/CM3H€06€CV!€‘[€HH}1,

Oeluesblll Meniosoll akKyMyasmop.

Introduction of different nature may bring a serious obstacle to

Currently, Arctic becomes a territory with
political and economic interests of many countries
to be collided (Fedoseev, 2013). Opposite
objectives pursued by various (primarily Arctic)
states in the Arctic result in international tension
growth, in general, thus decreasing the conflicts

threshold of a local nature in particular. Conflicts

achieve goals in the Arctic region, by Russia.
Therefore, Russia’s intention to maintain the
development the Arctic is of great importance
for economy growth and independence. Russia
faces a number of attempts to restrict the activity
and leadership in the region, among them are the

growth of military presence, economic pressure
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and the promotion of negative public opinion
based on environmental arguments. There is no
simple response on that challenge. In particular,
the expansion in military, industrial, scientific
and cultural presence in the region, accounting
environmental issues, must be undertaken.

Thus, the proposed
Arctic

concept of an

autonomous eco-energy residential
facility allows a long-term independent stay of
human crew under polar conditions providing
preservation of the intact environment. It will
cancel the violations of well-grounded claims
on the negative impact of the facilities on the
environment. Energy independence is extremely
important for extremely low temperatures,
ensuring the function of military and industrial
infrastructure with respect to possible risks of

supply violations.

General concept

Proper living conditions for inhabitants are
crucial for the development of the Arctic. Such
living environment will maintain the well-being
and high efficiency of the staff for a long time.
The factors negatively affecting the life of people
in Arctic are:

1) long  frosts requiring  extended

reservations of fuel for heating, that
results in;

2) pollution of the environment;

3) low quality of indoor air;

4) sanitary violation risks resulted from
the low average annual activity of the
biota unable to treat wastes produced by
the living facilities;

5) a shortage of fresh vitamin-containing
food.

Additionally, the

supply of fuel (diesel oil, coal) makes the arctic

orientation to outer
settlements very sensitive and dependent on
external factors: weather, economic situation,

and military blockade of transports, etc.

Since non-autochthonous humans are not
adapted to arctic environmental conditions,
especially in winter, the problem arises to
provide the new-comers with proper, sustainable
and comfort life. This problem resembles to some
extent the similar issue for space crew life support.
The experience of the Institute of Biophysics
SB RAS in the efficient implementation of life
support systems (LSS) for extremely aggressive
environment (that is open space) can be applied
to resolve the problem. Key issue of the Arctic
Ecological-Energy ~ Autonomous
(AEEAD) stands on:

1) optimal configuration of housing and heat

Dwelling

savings;
2) optimal closure of the flows of
substances;

3) the usage of local independent energy
sources.

Consider them in more detail.

Optimal configuration of housing
and heat savings

Standard architecture of residential buildings
is poorly adapted to the environmental conditions
of the Arctic (and Siberia, in particular). So the
standards of glazing and warming buildings
obviously do not correspond to the observed
temperature drops. In addition, we are actually
hostages of central heating, which betrays the
inhabitants when it is most needed. In urban and
urban areas, where various industrial plants and
factories are located, additional pollution of the
air pool and water is added to the adverse natural
factors.

World experience of heat conservation in
northern houses is already available. In 1973,
as a result of a sharp rise of oil prices, sealed
dwelling houses and offices with controlled outer
air exchange began to be used. Simultaneously
the standard of air exchange intensity was

changed from 580 to 190 m?*/(day-person).
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However, this led to the emergence of the Sick
Building Syndrome (SBS), which manifests itself
in the number of symptoms: headache, fatigue,
drowsiness, difficulty concentrating, stuffy nose,
dry cough, irritation of the eyes, nose and throat
(Kapfhammer, 2003; Mendell, 1993; Shahzad,
2016; Sick Building Syndrome, 1997; Zweers et
al., 1992). These symptoms quickly pass after the
person leaves the “sick” room. Consequently, the
closure of air in the room and the saturation of
modern living quarters with artificial materials
emitting harmful substances deaden the air and
lead to a significant deterioration of indoor air
quality.

The main principle of AEEAD design can
be illustrated by simple example. Accepting the
norm of living space of 50 m® per person it is
possible to fit the entire population of the city of
Norilsk (~180000 people) in a house-ball of ~120
m radius. Calculations show that this super-house
does not require any heating even at the most severe
frosts — heat emitted by residents and household
appliances is sufficient. So for heat conservation
AEEAD have to be of minimum of surface/volume
ratio. Calculations, demonstrating the principle
are presented on Fig. 1 (regular construction
materials were used for the assessment). The last
case means that for an apartment of 100 square

meters (25 meters in length and 4 meters in

width) heat generation of 3-5 people themselves
together with heat generation of house equipment
is sufficient for normal life even at 40°C frost. So
the effect of using so called broad dwellings is
obvious. We can essentially reduce the problem
of heat conservation, but the problem of indoor
air quality is steel unresolved. The solution of the
problem is closely connected with optimal closing

the flows of substances.

Optimal closing the flows of substances

To ensure energy savings and maintain
a high quality of life air revitalization is
required. The basis of the system of indoor air
revitalization can be the technologies that were
used in the closed ecological system BIOS-3
(Fig. 2), developed and tested at the Institute of
Biophysics of the SB RAS as a prototype of the
lunar base (Gitelzon et al., 1975). It is necessary
to note that in the BIOS facility under complete
isolation from the atmosphere, the SBS, which is
typical for heat-saving dwellings, did not arise
(Gitelson, Okladnikov, 1994). Air revitalization
in BIOS was provided by household greenhouses.
These greenhouses are technological devices
that perform combined functions — heating the
living quarters, lighting it, moistening the winter
overdried air, growing food, decorating house

interior, providing psychological support. The

Number

TYPE OF HOUSE

Resources for an apartment

of Peak heat Thermal Area per

Apartments 100 m? ili insulation, apartment.

( partme ts 100 families loss, kWt ' p m? ]
1 ~10 ~20 ~150

The most resource-intensive option

~10 [~5 [~10 [ ~100
Resource intensity is halved
~1000 |[~1,5 [~0,5 [~25

Resource intensity reduced
tenfold

Fig. 1. General view and main parameters of dwellings of different configuration
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0,2025
Transpiration water 72227

Plant Module |

Dehydrated urine,
feces 245

Fig. 2. Side view of BIOS-3 facility (left). The view of the greenhouse through the porthole of BIOS-3 and the
layout of it (middle). Simplified layout and general outline of the BIOS-3 (right)

unit for processing organic wastes and partial
closure of matter cycles in AEEAD reduce the
destructive effect on the environment almost to
Zero.

Certainly Arctic conditions are not so hostile
environment as cosmos and the high level of
closure is not necessary for AEEAD. Therefore
the structure of the Arctic Life Support System
(ALSS) can be more simple and not so heavy,
since there no needs to recycle all air inside.

By now the IBP SB RAS has developed
new technologies for growing a variety of plants
and technology to increase the closure of the
substances flows if necessary.

» Increasing the density of phytoculture,

which is important for practical
applications.
» Involvement of NaCl in the circulation of
substances.
» Involving inedible part of plants in the
cycle through soil like substrate.
Additional reserves of growing plants
technologies were identified and tested. For
example, plant cultivation not on the plane, but
in the volume is developed. The yield of plant
products per unit area increases to 1.5-2 times
(Fig. 3). One of the unresolved problems in BIOS-3

experiments was NaCl recycling. By now very

perspective technology providing involvement of
NaCl in intrasystem mass transfer is developed
(Balnokin et al., 2010) on the base of edible saline
species Salicornia europaea.

The original physicochemical method of
oxidation of organic wastes has been developed
in IBP SB RAS. Unlike the known physico-
chemical methods of organic oxidation, this
method does not require high temperatures and
pressures, as well as massive energy-intensive

equipment (Kolyagin et al., 2013).

The use of autonomous energy sources

There are several projects of mobile nuclear
(https:/helionews.ru/62595),

which can be used for northern settlement.

power  stations
Nuclear reactor provides the highest level of
autonomy including independence of weather
and climate factors. However it is of high cost,
needs protection from radiation, and is potentially
dangerous for environment.

While solar energy in the North can be used
only in the summer, wind energy is available
practically all year round. Estimates show that
the reserves of available wind energy cover
25 times the current energy consumption of
mankind. However the direct use of wind energy

is almost impossible due to its huge porosity —
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Fig. 3. Growth of tomatoes on a multi-necked vertical hydroponic installation. Vegetative phase (left) and

reproductive phase (right)

temporal heterogeneity. So even with averaging
over an interval of 30 days there are power
fluctuations from 21 percent to 216 percent —
tenfold. Consequently there is a problem of
autonomous provision of AEEAD with electric
power of constant guaranteed power in the case
of fundamental instability of its natural source.
This

energy storage batteries, which for practical

problem can be solved with
(commercial) use should have high durability,
high reliability and be of low cost. At once we
shall exclude from consideration silver-zinc,
lithium-polymer and similar accumulators
because of their high cost and/or fire hazard.
For example, consider the block of serial lead-
acid batteries GPL 121000, with a capacity of
1 kW.month. Its cost is ~$170000. At the same
time, the cost of electric energy stored for 10
years (guaranteed lifetime of this battery) is
~$4000, i.e. 42 times cheaper than batteries.
Beacon Power proposes to store energy in
the form of kinetic energy of massive flywheels
rotating at high speed (Kompaneets, 2010).
Massive flywheels made of carbon fiber with a
diameter of 1 meter rotate at a speed of 16000

revolutions per minute — the speed at the

surface of the disk is about 2 Mach. Each device
developed by the company weighs about 3.6 tons
and is capable of delivering 100 kW of power for
15 minutes. We must immediately note the rather
high complexity in the manufacture of this device
and the relatively low density of the stored energy
~7 W.h/kg. For comparison, the energy density
of suggested thermal batteries using a basalt as a
heat-consuming medium is ~93 W.h/kg.

Accumulation in a heated stone is known
and widely tested since ancient times, and is also
used in modern alternative energy. For example,
patent RU2027119 (Ayrapetyan, Zakaryan, 1992)
proposed a thermal storage of solar energy using as
a heat-consuming medium a rock, incombustible
solid waste, and open rock of the mining industry.
But the drawback of the traditional schemes is the
considerable changes of the operating conditions
of the heat engine in time.

The basic idea of the new approach to high-
heat accumulator design is that the heat-storage
material with structurally complex system of
thin tubes of the heat exchanger represents a
“macro-composite”, which properties can differ
significantly from the properties of simple

medium with thermal diffusion. With the proper
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structure of the heat exchanger tubes we can
achieve much better performance than in the case
of simple rapid heat exchange of the coolant in
tubes with a heat-storage medium.

Theoretically, the following can be
achieved:

— almost zero heat loss in the absence of

thermal insulation;

the

temperature at the output of the thermal

— a significant stabilization of
battery, and hence at the input of the
heat engine, over the whole period of the
discharge of the battery.

Suggested active heat protection based on
an active countercurrent along the temperature
gradient gives the possibility significantly reduce
the volumes and cost of heat-insulating materials.
This approach is promising if the task of the
thermal battery is to smooth incoming energy.
It means the initial energy is characterized by a
high duty cycle, but the payload is fairly stable
and never falls to zero.

Stabilization of output temperature is
obtained due to the heat exchanger tubes are
arranged perpendiculartothe average temperature

gradient. With low thermal conductivity and

~  wind-electric
generator

stable
electric
energy

electric
generator

cold heat
carrier

high-duty
electro-
energy

hot heat
carrier

heat
accumulator

cycle.

substantial active heat transfer the temperature
field begins to move in a manner similar to the
flow of slowly mixing liquids — the boundary of
the hot and cold zones is blurred out slowly — it
allows stabilizing the temperatures at the output
of the system. The formula for the efficiency of
the cycle of the complete discharge of the thermal

battery was obtained:

oLy Lu|
(T,-T.) L

where T}, and T, are the temperatures of the heater

77:

and the refrigerator, respectively.

In the field of low efficiency (small ratios
of the temperature of the thermal battery to the
temperature of the refrigerator), the efficiency of
the thermal battery is about half the efficiency of
the ideal heat engine, and then the relative gap

decreases.

General scheme and evaluation
of the parameters of the macrocomposite

thermal battery system — a thermal engine

The scheme of the system as a whole is

presented on Fig. 4. The charge-discharge

HKunoit 6nok XKuroi 6nok

Kuno# Gnok HKunoii 6nok

MKunoii 6ok unoit Brok

Brnok nepepaGotku

Pekpeauus 0TX0A0B

e [<® ¢ [~e|-

Exoqg‘:‘:::"
Highly reliable < I I

heat engine
operating on
the Stirling

Fig. 4. General scheme of Arctic Ecological-Energy Autonomous Dwelling
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processes of the battery are unleashed with
the processes of generating electricity. When
charging a hot heat carrier enters the central zone
of the battery, and a relatively cold one goes for
heating, when discharging the heat carrier moves
in the opposite direction.

In the 19" century, engineers wanted to
create a safe replacement for steam engines of
that time, whose boilers often exploded because
of high vapor pressures. A good option appeared
with the invention of the Stirling engine (Rider,
Huper, 1986). The main principle of the Stirling
engine is the constantly alternating heating
and cooling of the working body in a closed
cylinder.

The advantages of the Stirling engine,
which determine its use in conjunction with
the macro-composite heat accumulator are: 1)
Stirling engine can operate from almost any
temperature drop; 2) the design of the engine
is very simple; 3) simplicity of design provides
unprecedented reliability in tens and hundreds
of thousands of hours of continuous operation;
4) Stirling has no exhaust and does not have
any parts or processes that can contribute to
environmental pollution.

As an example, we calculated the mass and

volume of basalt based thermal battery. Let’s
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